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SERIAL LIST 


A SERIAL list of the holdings of The Marine Biological Labora- 
tory has been published as a separately bound supplement to The 
Biological Bulletin. This supplement lists with cross references the 
titles of journals in the Library; additional titles and changes are 
published annually. A few extra copies of the original list are 
still available. Orders may be directed to The Marine Biological 
Laboratory. 





BOOKS AND WORLD RECOVERY 


THE desperate and continued need for American publications to 
serve as tools of physical and intellectual reconstruction abroad has 
been made vividly apparent by appeals from scholars in many lands. 
The American Book Center for War Devastated Libraries has 
been urged to continue meeting this need at least through 1947. 
The Book Center is therefore making a renewed appeal for Ameri- 
can books and periodicals—for technical and scholarly books and 
periodicals in all fields and particularly for publications of the past 
ten years. We shall especially welcome complete or incomplete 
files of the Biological Bulletin. 


The generous support which has been given to the Book Center 
has made it possible to ship more than 700,000 volumes abroad in 
the past year. it is hoped to double this amount before the Book 
Center closes. The books and periodicals which your personal or in- 
stitutional library can spare are urgently needed and will help in the 
reconstruction which must preface world understanding and peace. 

Ship your contributions to the American Book Center, c/o The 
Library of Congress, Washington 25, D. C. freight prepaid, or write 
to the Center for further information. 
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PHYSIOLOGY OF INSECT DIAPAUSE. II. INTERACTION BETWEEN 
THE PUPAL BRAIN AND PROTHORACIC GLANDS IN THE 
METAMORPHOSIS OF THE GIANT SILKWORM, 
PLATYSAMIA CECROPIA 


CARROLL M. WILLIAMS? 


The Biological Laboratories, Harvard University, Cambridge, Mass. 


In the Cecropia silkworm the progress of metamorphosis is interrupted as soon 
as the pupa is formed. There then intervenes a prolonged period of pupal diapause 
characterized by cessation of growth and differentiation. The mechanism that 
converts this cellular dormancy of diapause into the intense activity of adult forma- 
tion was examined in a previous investigation performed on several species of giant 
silkworms (Williams, 1946b). For these species it was evident that diapause is 
under the control of the insect’s brain. This control consists in a dependency of 
adult development on the action of a factor arising from the brain; the brain, in 
turn, is rendered competent to release this factor by exposure to low temperatures. 
It is the purpose of the present report to describe in greater detail the nature of 
the activating mechanism. 


MATERIALS AND METHODS 


The present communication is based on a total of 282 experiments performed, 
for the most part, on pupae of the giant silkworm, Platysamia cecropia. In a few 
experiments pupae of related genera were studied, including Telea polyphemus, 
Callosamia promethea, and Samia walkeri. The management of this array of ani- 
mals was essentially identical to that described previously (Williams, 1946b). 


Direct or INDIRECT ACTION OF THE BRAIN? 


If the brain is removed from a diapausing pupa, the resulting insect never 
develops further and persists until death in permanent diapause—a matter of two 
years in some individuals. Yet at any time during this period adult development 
can be evoked by implanting into the brainless pupa a brain obtained from a 
previously chilled pupa. 

It was a rational assumption that the developmental factor from the implanted 
brain had some direct action on the host tissues whereby the latter were converted 
from dormancy to activity. Yet the possibility remained that the brain’s action 
might be indirect rather than direct, in a sense familiar to endocrinologists, as, for 

1 The assistance of the Society of Fellows, Harvard University, and the Lalor Foundation, 
Wilmington, Delaware, is gratefully acknowledged. 
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example, in the action of certain of the pituitary hormones on the uterus. Experi- 
ments have therefore been performed to test these two possibilities. 

To this end techniques have been developed for subdividing individual pupae 
into fragments. In my-.experience division of these stout animals by means of 
ligatures has not met with success. Nor did gross slicing of the pupae into parts, 
as practiced by Crampton (1899), Hirschler (1903, 1904), and Hachlow (1931), 
produce viable preparations. A simple, successful technique that was ultimately 
developed will be described briefly. 


ISOLATION OF PUPAL FRAGMENTS 


The pupa, under continuous carbon dioxide anesthesia (Williams, 1946a), is 
placed on its side and the abdominal cuticle plus underlying hypodermis incised 
around the circumference of the abdomen at the level of the tips of the wingflaps. 
The incision is confined to the thin intersegmental membrane. Further maneuvers 
are designed to separate the abdomen from the anterior fragment without rupturing 
the midgut.? The intersegmental muscle masses, the heart, and the nerve cord 
are, in turn, cut through. The fat body and hindgut are then transected and the 
attachments of tracheae swept away from the walls of the midgut. The midgut 
plus nearly all of the Malpighian tubules may now be placed in the anterior frag- 
ment. Or by further dissection the midgut may be removed from the anterior 
fragment and discarded. 

The cut surface of each of the two fragments is then sealed by melted paraffin 
to a circular, plastic cover slip which is provided with a centrally placed hole. 
Through the hole insect Ringer’s is added to displace all air and the hole is finally 
plugged with melted paraffin. 

It may be noted that these isolated abdomens (Fig. 3) consisted, in reality, of 
the terminal six abdominal segments, the anterior four abdominal segments being 
carried away with the anterior end (Fig. 1). Transections at other levels were 
occasionally accomplished, but the one described proved to be most favorable. In 


2 Rupture of the midgut floods the body cavity with a dark green fluid that contains a good 
deal of particulate matter and shows a broad, dense absorption band centering at 670 my. The 
fluid is apparently non-toxic, but the particulate matter is frequently drawn into the cut end of 
the heart. Within the heart it then acts as embolus to occlude the aorta at its narrowest portion 
just behind the brain. Such animals usually fail to survive. 


EXPLANATION OF PLaTE I 
Approximately Life Size 


Ficure 1. Anterior fragment of a brainless, diapausing pupa. 
Figure 2. Fragment in Figure 1, after adult formation. Development was evoked by 


implanting a previously chilled brain. 
FIGURE Posterior fragment of a diapausing pupa. 


). 

Ficure 4. Fragment in Figure 3, after adult formation. Development was evoked by 
implanting a previously chilled brain plus two pairs of diapausing prothoracic glands. 

Ficure 5. Posterior fragment of a diapausing pupa, showing critical level of section that 
includes the meso- and metathorax. 

Ficure 6. Fragment in Figure 5, after adult formation. Development was evoked by 
implanting a previously chilled brain. Note the complete development of those parts of the 
antennae, legs, and wings that were present in the fragment. 
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certain instances abdomens were transected a second time to yield viable pairs ot 
abdominal segments sandwiched between plastic slips. 

The inner surface of the plastic slips is rapidly coated by a thin, transparent 
tissue formed by anastomoses developed between blood cells and, within about two 
weeks, by the outgrowth of epithelium and of tracheoles. At any time, however, 
one can operate inside the insect fragment by removing the paraffin plug from the 
centrally placed hole. 

Of the entire series of isolated pupal parts, approximately two-thirds died 
within the first ten days after preparation. Death was invariably preceded by a 
darkening of the blood, a reaction which in itself seems to be toxic. The remain- 
ing preparations survived for considerable lengths of time, as indicated by the beat- 
ing of the heart and by spontaneous movements of the abdominal segments. 
Isolated abdomens remained alive at 25°C. for up to eight months. Anterior ends 
survived for not more than two or three months, however, unless Ringer’s solution 
was occasionally added to compensate for loss of water by evaporation. 


3RAIN IMPLANTATIONS INTO PUPAL FRAGMENTS 


srainless diapausing pupae were transected at the level of the wing-tips to 
obtain ten pairs of viable anterior and posterior halves. Into each of these sub- 
divisions a chilled Cecropia brain was then implanted (Fig. 1 and 3). Each ante- 
rior fragment proceeded to develop normally into the corresponding anterior end 
of a lively adult moth, the cut surface being closed by scaleless, regenerate, “chitin- 
ized” epithelium (Fig. 2). The isolated abdomens, to the contrary, remained 


undeveloped after brain implantation, although they continued to live for an average 
of three months. 

With slight variations in technique these findings have been confirmed during 
the past three years on a total of 60 additional viable preparations. As many as 
six chilled brains have been implanted into a single abdomen without inducing 
development, even though some of these abdomens survived as long as eight months 


thereafter 


EXPLANATION OF PLATE II 
Approximately Life Size 


Figure 7. Posterior fragment of a diapausing pupa joined directly to the tip of a brain 
less, diapausing pupa. 

Figure 8. Preparation in Figure 7, after adult formation of host and graft. Development 
was evoked by implanting a previously chilled brain into the host. Note the regenerate tissue 
passing through the hole in the plastic slip to connect the two parts. 

Figure 9. Posterior fragment of a diapausing pupa joined directly to the thoracic tergum 
of a brainless, diapausing pupa. 

Ficure 10. Preparation in Figure 9, after adult formation of host and graft. Develop- 
ment was evoked by implanting a previously chilled brain into the tip of the graft. 

Ficure 11. Posterior fragment of a diapausing pupa joined to a brainless, diapausing 
pupa by means of a short, square, plastic tube. Note the tube of regenerate tissue traversing 
the plastic tube’s lumen. In order to follow the onset and progress of development, plastic 
windows have been placed at each end of the preparation. 

Ficure 12. Posterior fragment of a diapausing pupa joined to an anterior fragment of a 
brainless, diapausing pupa by means of a long, plastic tube. Note the tube of regenerate tissue 
within the plastic tube, 
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It is therefore apparent that anterior and posterior fragments respond differ- 
ently to brain implantation. This difference in response might be explained if the 
anterior fragment possessed a second developmental center that was lacking in the 
posterior fragment. To test this possibility the level of transection was varied. 


TRANSECTIONS OF PUPAE AT VARIOUS LEVELS 


Brainless, diapausing pupae were transected at various levels and the develop- 
mental capacity of the posterior fragments tested by implanting a chilled brain. 
The results of these experiments confirmed the findings of previous investigators 
that a “differentiation center’ was present in the region of the thorax of lepidop 
terous pupae (Hachlow, 1931; Bodenstein, 1938; Bounhiol, 1938). Thus, ab- 
domens in continuity with a pupal thorax invariably developed when a chilled 
brain was implanted. In contrast, similar treatment failed to evoke development 
of abdomens separated from the entire thorax. The critical level seemed to lie 
in the region of the mesothorax, for, after transection at this point, brain implanta- 
tion induced development only after a long latent period of about six months (Fig. 
5 and 6). 


GRAFTING EXPERIMENTS ON ISOLATED ABDOMENS 


The importance of this anterior differentiation center was further revealed in 
experiments in which isolated abdomens were grafted to brainless, diapausing 
pupae (Fig. 7,9, and 11) or to the anterior fragment of brainless, diapausing pupae 
(Fig. 12). In such combinations, the host and the graft grew together to establish 
tissue continuity, but did not develop further. This continuity was developed even 


when plastic tubes, as long as 3 cm., were interposed between the two parts (Fig. 
11 and 12). 


Now, when a brain from a chilled Cecropia pupa was implanted into either host 


or graft, diapause was terminated and the entire preparation developed into the 
fully formed, corresponding parts of the adult (Fig. 8 and 10). 


IMPLANTATION OF PROTHORACIC GLANDS 


The evidence, up to this point, indicates that adult development after pupal 
diapause requires a factor from the brain plus some additional factor from the 
thorax. An extensive series of experiments was then performed in which a chilled 
brain plus various thoracic organs were implanted into isolated abdomens. 

This search was vastly aided by the publication of Fukuda’s paper in 1941. In 
this communication Fukuda describes an endocrine activity of the “prothoracic 
glands” in evoking development of ligatured pupal abdomens of the commercial 
silkworm, Bombyx mori. 

The great significance of the prothoracic glands was confirmed. Thus, isolated 
abdomens of diapausmg Cecropia pupae developed readily when provided with a 
chilled brain plus two pairs of prothoracic glands.* The pupal cuticle became crisp 

Due to the numerous ramifications of the pupal prothoracic glands in the pro- and meso- 
thorax, it was usually impossible to remove these organs in their entirety. For this reason two 
pairs were usually implanted into each isolated abdomen. This proved to be an important 
detail, for a single pair of the incomplete glands did not generally suffice to produce development 


after brain implantation. For a description of the prothoracic glands in Platysamia cecropia 
see Williams, 1948. 
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and was delaminated and the abdomens appeared as the lively, corresponding seg- 
ments of the adult, the cut surface being closed by scaleless, regenerate, “chitinized” 
epithelium (Fig. 4). Development was complete externally and internally and, 
in the case of female abdomens, the eggs were matured. Similarly, abdomens iso- 
lated from chilled pupae after return to room temperature required both a chilled 
brain and prothoracic glands for the initiation of adult development. 

In these experiments it was found that the prothoracic glands as well as the 
brain show a lack of species—or genus—specificity, for both of these organs remain 
effective when interchanged between Platysamia cecropia and Telea polyphemus. 

In contrast to the results of Fukuda (1941), who studied a species without 
pupal diapause, no development of isolated abdomens occurred when prothoracic 
glands were implanted in the absence of a chilled brain. 


FURTHER EXPERIMENTS ON ISOLATED PuPpAL ABDOMENS 


From a series of six isolated abdomens of diapausing Cecropia pupae there 
were further removed the gonads, the entire digestive tract, the Malpighian tubules 
(with the exception of a few loose fragments), and the entire central nervous sys- 
tem, including the residual chain of five ganglia and connectives. Three of these 
preparations survived, the heart continuing to beat. After the implantation of a 
chilled brain plus prothoracic glands, two of the abdomens developed into flaccid, 
but fully mature adult abdomens. 


DIscuSSION 


It is evident from these experiments that the termination of pupal diapause 
requires a minimum of two factors, one from the brain and the other from the 
prothoracic glands. The easiest way to render these organs functional is to expose 
the diapausing pupa to low temperatures and then return it to room temperature. 
As has been shown previously, the effectiveness of chilling in terminating dormancy 
can be explained in terms of an action of low temperature on the brain, whereby 
the latter is made competent to release its developmental factor (Williams, 1946b). 
Manifestly, the prothoracic glands do not require similar exposure to cold, for 
they are promptly activated when a chilled brain is implanted into a diapausing 
pupa. 

From these observations it may be concluded that the brain exerts a controlling 
action on the prothoracic glands. Subsequent experiments have confirmed this 
hypothesis consistently. Thus to induce the development of isolated pupal ab- 
domens, it is necessary that the implanted brain be obtained from a previously 
chilled pupa. This is not the case in regard to the implants of prothoracic glands, 
for these organs are equally effective when obtained from diapausing pupae. The 
functional failure of the prothoracic glands at the outset of diapause seems there- 
fore to result from a primary failure of the brain in releasing its factor. 

The mechanism that terminates diapause must ultimately supply the dormant 
tissues with something necessary for cellular growth and differentiation. In respect 
to this process the experimental results may be interpreted from two points of 
view. On the one hand, the brain factor may be conceived as having sole action 
on the prothoracic glands and the prothoracic gland factor, in turn, as having 
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specific effect on the tissues of the body in general. On the other hand, the tissues 
may require interaction with both factors, the first factor serving to condition the 
tissues for reaction with the second. 

Although the evidence at hand does not suffice to exclude either interpretation,* 
it seems likely that the factor from the prothoracic glands has ultimate action on 
the dormant tissues to convert them to activity. Thus, we have noted previously 
that adult formation becomes independent of brain action as soon as the earliest 


PROTHORACIC, GLAND 
e . 


* * 





=. ae “ oe - 
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Ficure 13. Diagrammatic interpretation of experimental results when a chilled brain is 
implanted into the tip of the graft in preparations such as Figure 11. Development begins first 
in the anterior end of the pupa, containing the prothoracic glands. For explanation, see text. 


sign of adult development is evident (Williams, 1946b). However, for some days 
thereafter, the animal continues to require further function of its prothoracic glands, 
for if the abdomen is isolated during this period, it ceases to develop. When tested 
in this fashion, adult development shows a dependency on the prothoracic glands 
until a critical stage, signalled by the initiation of eye pigmentation. 

Further evidence favoring the view that the factor from prothoracic glands has 
ultimate action on the tissues has been derived from the experiments, described 
above, in which isolated abdomens were grafted to brainless, diapausing pupae 
(Fig. 7 and 9). When development was evoked by implanting a chilled brain 
into the tip of the graft, the brainless pupa, containing the prothoracic glands, was 


4 Since this paper went to press, proof has been obtained of the validity of the first inter- 
pretation (see Fig. 13a). 
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observed to initiate development one day in advance of the abdomen, containing 
the brain. This difference in time can be magnified to three days or longer by 
interposing a plastic tube between host and graft (Fig. 11). In such preparations 
the final organ to initiate development was the imaginal disc of the graft’s geni- 
talia, notwithstanding the fact that this lay alongside the implanted brain that had 
touched off the whole process. 

In terms of this type of preparation we may finally summarize our present 
information diagrammatically, as indicated in Figure 13. In Figure 13a, the brain 
factor is viewed as activating the prothoracic glands and the prothoracic glands as 
activating the tissues. In Figure 13b, the brain factor is conceived to act on all the 
bodily tissues to prepare them for final reaction with the factor from the prothoracic 
glands. In either case, the brain is the organ of primary control, but this control, 
at least in part, is exercised by an indirect mechanism. 


SUMMARY 


1. The mechanism that initiates adult development after pupal diapause has 
been studied in a total of 282 experiments, supplementary to those reported pre- 
viously. 

2. Brainless, diapausing pupae were divided transversely and the developmental 
capacities of anterior and posterior fragments tested and compared. 

3. Implantation of a previously chilled brain sufficed to terminate the dor- 
mancy of anterior fragments. 

4. Isolated abdomens, to the contrary, remained undeveloped after brain im- 
plantation. Yet such abdomens, even without implantation, could be induced to 
develop by grafting them to developing anterior fragments. Manifestly, the ab- 
domens required for development an additional factor normally produced in the 
anterior end of the pupa. 

5. By transections at various levels the source of this additional factor was 
found to be the thorax. 

6. A testing of various thoracic organs revealed the effectiveness of the “pro- 
thoracic glands.” Thus, implantation of a chilled brain plus prothoracic glands 
induced the complete adult development of isolated abdomens. In this effect the 
prothoracic glands as well as the brain showed a lack of species—or genus— 
specificity. 

7. The termination of diapause requires in these species the action of a minimum 
of two factors, one arising from the brain and the other from the prothoracic glands. 
The brain factor is necessary for the activation of the prothoracic glands. 

8. The factor from the prothoracic glands, most probably, has ultimate action 
on the tissues in terminating diapause. 

9. The brain is the organ of primary control over diapause in the species 
studied, but this control, at least in part, is exercised by an indirect mechanism. 
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A COMPARATIVE STUDY OF THE LIPIDS IN SOME 
MARINE ANNELIDS 


CHARLES G. WILBER AND WINIFRED M. BAYORS 


The Biological Laboratory, Fordham University, New York and the Marine Biological 
Laboratory, Woods Hole, Mass. 


INTRODUCTION 


In the past, studies on the metabolism of lipids have been confined chiefly to 
observations made on homoiothermal vertebrates. Very little work has been done 
on the problem in the invertebrates. 

Terroine and co-workers (1930) found that the phospholipids in various cold- 
blooded animals contain very low amounts of fatty acid, that the iodine number 
of the fatty acids is not constant, and that the iodine number of the phospholipid 
fatty acids is lower than that of the stored fat but higher than that in similar 
tissues of homoiothermes. 

Timon-David (1930) found that the larvae of 24 insects contained 0.94-28 
per cent fat and that linolenic and oleic acids were widely distributed. 

Slifer (1932) found that the iodine number of the fatty acids in the eggs of 
seven species of grasshopper varies from 128-167. She found also that the tem- 
perature for complete fusion of the fatty acids depends on the environmental tem- 
perature : fats from eggs so laid as to hatch in spring had a melting point decidedly 
lower than fats from eggs so laid as to hatch in the summer. 

Salisbury and Anderson (1939) found that the lipids in Cysticercus fasciolaris 
consist of phospholipids, cholesterol, cerebrosides, and a small amount of neutral 
fat; that the phospholipids make up about 30 per cent of the total lipids; and that 
the fatty acids contain saturated and unsaturated forms in the ratio of 1: 1. 

Wilber (1947) showed that starvation decreases the total lipid in the entire 
worm Phascolosoma, causes little change in the muscle lipids, and decreases mark- 
edly the fatty acid and phospholipid content of the coelomic fluid, but does not 
change the cholesterol content of the latter. 

It is evident that information concerning lipid content and metabolism in the 
invertebrates is quite meager. A detailed study of the problem seems justified. 
The present report is one in a series dealing with the amounts and use of lipids 
in invertebrate tissues. 


MATERIAL AND METHODS 


Marine annelids were chosen for the investigation because they are obtainable 
readily and are easy to handle. The following species were studied: Nereis pela- 
gica, Amphitrite ornata, Arenicola marina, Phascolosoma gouldii, Lepidonotus 
squamatus, Glycera americana, Chaetopterus variopedatus. All were procured in 
the living condition from the Supply Department of The Marine Biological Lab- 
oratory during the months of July and August, 1946. 
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Whole worms or individual tissues were prepared by grinding weighed 
amounts with sand in a mortar (Bloor, 1929). Lipids were then extracted with 
boiling alcohol. Some tissues were homogenized in a Waring-blendor instead of 
grinding with sand. The results from both methods are comparable. 

Phospholipids were precipitated with acetone and magnesium chloride and 
estimated by the oxidation-titration method (Bloor, 1929). Fatty acid and choles- 
terol were estimated respectively by the oxidation-titration method and by the 
colorimeter using the acetic anhydride-sulfuric acid reagent (Bloor, 1928). This 
method measures the total fatty acids in the lipids. 

Coelomic fluid was removed from some of the worms and the lipids were ex- 
tracted and estimated in a similar manner. 

From the results obtained, the lipocytic coefficients (cholesterol/fatty acid) and 
the ratio, cholesterol/phospholipid were calculated for the various tissues (Mayer 
and Schaeffer, 1913). 


RESULTS 


The results are summarized in Table I which shows that there is a wide varia- 
tion in the absolute values of the various lipid constituents in the different species. 


TABLE [| 


Table showing the amounts of various lipids (values given as per cent of wet weight) in marine 
annelids and the numerical ratios of the lipids one to another. Values are the mean of ten worms 
selected at random 





Species | Phospho- - Fatty | Chol. 


lipids | acid F.A. 
Nereis pelagica 0.73 | bd , 
Glycera americana 0.82 s my 

Amphitrite ornata 0.83 | 
Arenicola marina 0.35 


Coelomic fluid* 155 
Chaetopterus variopedatus 0.33 
Lepidonotus squamatus 0.23 


5 
0.16 , | 
0.40 3. 


| 
} 


* Values in mg./100 cc. of coelomic fluid. 


The table shows also that tissues with a high content of phospholipid have a high 
content of cholesterol. A similar relationship is apparent between cholesterol and 
fatty acid. If the values for fatty acid are plotted against the values for cholesterol, 
the points are distributed along a straight line. 


DISCUSSION 


The results indicate that although there is a wide variation in the absolute 
values of phospholipid, fatty acid, and cholesterol in the different annelids, there 
is an apparently consistent ratio of these lipids one to another. 

The phospholipids of the annelids studied make up about 37 per cent of the 
total lipid. This value is close to that obtained (30 per cent) by Salisbury and 
Anderson (1939) in Cysticercus fasciolaris. 
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It is known that the total lipid in the insect Sphanarium purpurascens consists 
mainly of free fatty acids (Giral, 1946). In the present investigation there is 
evidence of a predominance of fatty acid over cholesterol and phospholipid in 
annelid tissue. 

The relationship between cholesterol and phospholipids is interesting. The 
worms with large amounts of cholesterol have a correspondingly large amount of 
phospholipid. A similar relationship obtains between cholesterol and fatty acid. 
This may indicate that in the annelids, as in the vertebrates, the ratio of lipids one 
to another is characteristic of the organ of an animal in a given species (Mayer 
and Schaeffer, 1913). 

The results in general indicate that in the marine annelids, cholesterol is always 
associated with phospholipids and is in constant relation to them. Cholesterol is, 
therefore, probably a normal protoplasmic constituent in the annelids as in the 
vertebrates (Bloor, 1943). 

Whether these relationships are constant under different environmental condi- 
tions (changes in temperature, salt concentration, or season) is not known at 
present. 

SUMMARY 


1. The amount of cholesterol, fatty acid, and phospholipid in various marine 
annelids was estimated. 

2. It was found that worms with a high content of cholesterol have also large 
amounts of phospholipid and fatty acid. 


LITERATURE CITED 


Boor, W. R., 1928. The determination of small amounts of lipid in blood plasma. Jour. Biol. 
Chem., 77: 53-73. 

Bioor, W. R., 1929. The oxidative determination of phospholipid (lecithin and cephalin) in 
blood and tissues. Jour. Biol. Chem., 82: 273-286. 

Boor, W. R., 1943. The biochemistry of the fatty acids and their compounds, the lipids. Rein- 
hold, N. Y. 387 pp. 

Grrat, F., 1946. Fats of insects. V. Sphenarium purpurascens Charpentier. Jour. Biol. 
Chem., 162: 61-63. 

Mayer, A., AND G. SCHAEFFER, 1913. Recherches sur la teneur des tissus en lipoides. Teneur 
des tissus en phosphore lié aux lipoides. Constance de cette teneur. Jour. physiol. 
path. gen., 15: 773-788. 

Sa.issury, L. F., ano R. J. ANDERSON, 1939. Concerning the chemical composition of Cysti- 
cercus fasciolaris. Jour. Biol. Chem., 129: 505-517. 

Suirer, E. H., 1932. Insect development. V. Quantitative studies on the fatty acids from 
grasshopper eggs. Physiol. Zool., 5: 448-456. 

Terroine, E. F., anp Co-workers, 1930. Les acides gras des phosphatides chez les animaux 
poikilothermes, les végétaux supérieurs et les microorganismes. Bull. soc. chim. biol., 
12: 682-702. 

Trwon-Davip, J., 1930. Contribution a l'étude de la Biochimie entomologique. Huiles et 
graisses d’Insectes. Bull. soc. chim. biol., 12: 395-403. 

Wiser, C. G., 1947. The effect of prolonged starvation on the lipids in Phascolosoma gouldii. 
Jour. Cell. Comp. Physiol., 29: 179-183. 











THE PROBLEM OF DIFFERENCES OF OFFSPRING IN 
RECIPROCAL CROSSES OF DROSOPHILA ! 


FREDERICK L. STONE 


Department of Zoology, University of Rochester, Rochester, New York 


In general, reciprocal crosses between genetically different groups of organisms 
yield identical hybrids. In some cases, however, the offspring from reciprocal 
crosses are different from one another in spite of like nuclear constitution. Such 
cases are of particular interest, since they bear on the problem of the role of extra- 
nuclear factors in development and heredity. 

In Drosophila melanogaster a few examples have been described in which the 
developmental fate of a zygote depends in part on the genetic constitution of the 
mother. It seemed possible to obtain further data. A series of reciprocal crosses 
was performed and the expression of a sensitive indicator phenotype, caused by 
the mutant “Dichaete,” was determined. Several of these crosses seemed to give 
evidence of a maternal effect. However, further inquiry showed that the significant 
differences between the outcome of reciprocal crosses were at least partly due to 
inhomogeneity within each cross, and that no conclusion as to the existence or 
non-existence of maternal effects was justified. The data and their analysis pre- 
sented here serve to emphasize the need for detailed statistical study of the range 
of variability within, as well as between, sets of data under comparison. 


MATERIALS AND BREEDING METHODS 


The mutant phenotype “Dichaete” (D, 3-40.4-41 +) is a very sensitive indi- 
cator of external and internal conditions prevalent during the development of 
Drosophila melanogaster (Sturtevant, 1918; Plunkett, 1926). A quantitative 
measure of such conditions may be obtained by counting the number of dorso- 
central bristles on the thorax of Dichaete flies. Normal flies usually have four 
dorsocentrals while Dichaete flies may have from zero to four. 

Plunkett has already given some data showing that the mean number of dorso- 
centrals is not significantly different in the Dichaete offspring from reciprocal 
crosses between Dichaete and normal flies. The procedure followed in the present 
study consisted in reciprocal crossing of Dichaete and non-Dichaete flies, the latter 
of which contained some other mutant genotype. In other words, the expression 
of Dichaete was measured in populations which not only differed in the maternal 
or paternal origin of the Dichaete genotype but also in the origin of the egg from 
a mother either free or in possession of some other mutant genotype. The mutants 
used in combination with Dichaete were vestigial (2-67.0) Minute (2) (2-12.99 +), 


1 The author wishes to express his appreciation to Dr. Curt Stern for his helpful advice 
and guidance throughout this investigation. To Dr. D. R. Charles the author wishes to 
acknowledge in particular his’ indebtedness for aid in the mathematical treatment of the data 
throughout. 
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Minute (3) w (3-79.7), Minute 4 (4), and polychaetoid (3-39 + 4). These mu- 
tants hereafter will be referred to as M-2, M-3, M-4, pyd, vg and D (Dichaete). 
The choice of mutants used was based on the following considerations: (1) vg. 
Hersh and Ward (1932) have reported that vg/+ heterozygotes possess slightly 
different wing dimensions, dependent on the direction of the parental cross, vestigial 
by normal. It was thought that the maternal effect indicated by these findings 
might express itself also in a modification of the bristle reaction in D flies. (2) 
Minutes. The effect of a Minute constitution consists not only in the morpho- 
logical modification of bristle size but also in a striking prolongation of larval 
growth (Dunn and Mossige, 1937). The physiological mechanism underlying this 
developmental prolongation is unknown, but it seemed worthwhile to test whether 
egg cells derived from Minute females differed from egg cells derived from non- 
Minute females in their effect on the Dichaete reaction. (3) pyd. The use of 
this mutant was based on the supposition that its action toward increase of bristles 
may possibly result in a difference of egg cytoplasm from pyd as opposed to 
normal females. 

The initial problem was to obtain seven stocks which were highly alike except 
for the mutants to be tested (D, M-2, M-3, M-4, pyd, and vg). The method was 
to replace whole chromosome “marked” with dominant mutant genes by homol- 
ogous chromosomes of the isogenic wild type stock “Canton-S.” A laboratory 
stock with dominant marked genes in the second and third autosome, of the geno- 
type +/+; Cy/Pm; Sb-C/H * was crossed with each stock of D, M-2, M-3, M-4, 
pyd, and vg and their progeny outbred for three generations with Canton-S stock. 
In case of crosses involving D or the Minutes, when all marked chromosomes, as 
well as the X and Y, had been replaced by homologous Canton-S chromosomes, 
the mutant female of the resultant stock was chosen as one parent of each subse- 
quent cross with Canton-S males. This was done in order to produce as much 
homogeneity as possible in the mutant chromosomes by allowing crossing-over to 
occur. The crosses described above were maintained for fourteen generations; 
subsequent flies were maintained by mass matings with all female parents of such 
mass matings selected from the same bottle. The Canton-S flies referred to were 
reproduced in each generation by pair matings from a single bottle. 

A slightly different breeding method was used with vg and with pyd, because 
the former is a recessive and the latter a very weak dominant; it was necessary to 
inbreed flies from the fourth generation in order to obtain the vg or pyd phenotype 
(fully expressed in homozygous condition only). Thereafter, the vg and pyd flies 
were alternatingly outbred to Canton-S and inbred until the fourteenth generation 
was reached and the vg/vg and pyd/pyd flies were used in the experimental crosses. 

The experimental flies were obtained from reciprocal crosses between the ap- 
proximately ‘isogenic stocks of Dichaete and of vg, pyd, M-2, M-3, and M-4. 
Reciprocal crosses were also made between Dichaete and non-Dichaete siblings. 
Altogether, twenty crosses involving 456 cultures were made. 

All crosses were maintained in a seven-shelved incubator ventilated by a forced 
draft fan. The temperature was maintained between 24.5 and 25.0 degrees Centi- 


* Symbols used here refer to mutant genes as follows: C = crossing-over suppressor, Cy 
=curly wings, H = lack of certain hairs, Pm =plum eye color, Sb = stubble bristles. For 
further details see Bridges and Brehme (1944). 
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grade throughout the whole experiment. Crosses were indiscriminately mixed on 
the shelves, thus insuring that no one group of bottles occupied a “favored” position. 

Two culture methods were used. (1) In the “bottle” method, virgin females 
were collected over a two-day interval and each was put with a male in a 20 x 90 
mm. shell vial containing a piece of agar-molasses substrate (unyeasted) to supply 
moisture. At the end of the two days, the pairs of flies were transferred to ordi- 
nary half-pint milk bottles with the usual cornmeal-molasses food (unyeasted). 
After an additional three days the parents were shaken out and the bottles re- 
turned to the incubator. (2) The “egg-count” method differs in a few respects 
from the “bottle” method. Virgin females were collected as before and pair- 
mated in 20 x 90 mm. shell vials for two days. The pairs were then removed and 
put into half-pint milk bottles containing egg-laying dishes. These were rectangu- 
lar metal dishes, 60 X 30 mm. long and wide, and 10 mm. deep, filled with food. 
The same substrate was used as above. Egg counts were then made. When 120 
eggs had been deposited on the surface of the substrate, 12-36 hours later, it was 
transferred to a 44-inch finger bowl with yeasted food medium. The bowl was 
then covered with cotton gauze and another finger bowl and placed in the incu- 
bator. When all larvae had pupated they were transferred to bottles and remained 
there until eclosion. 


EFFect oF CULTURE METHOD ON POPULATION DENSITY 


Considerable variability in size of population per bottle and in average popula- 
tion per cross was found with either culture method. The area of substrate per 
larva (as judged by flies surviving to eclosion) also differed greatly. Table I 
contains relevant data. 


TABLE I 


Effect of culture method on population density 


Egg-count method. Area of agar Bottle method. Area of agar 
surface 9710 mm.? surface 2633 mm.? 





Total population Area per surviv- Total population | Area per surviv- 
surviving | ing larva | surviving ing larva 
i ' 


Least densely populated 33 
bottle 
Least densely populated 69 141 26 
cross (average) 
Average of all crosses 82 118 23 
Most densely populated cross 95 102 20 
(average) | 
Most densely populated 79 14 
culture 


294 75 I. 35 














The two methods offered very different conditions of existence to the larvae. 
If these conditions had any significant effect upon bristle number, identical crosses 
cultured by the two methods would not be expected to yield comparable results. 
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ANALYTICAL METHODS 


The Dichaete offspring of the experimental crosses were classified by sex and 
number of dorsocentral bristles. No distinction was drawn between M and M* 
flies. As an index, the mean number of posterior dorsocentral bristles per hemi- 
thorax was computed separately for each sex in each bottle. In computing the 
index, one-half the number of one-bristle flies were added to the total number of 
two-, three-, and four-bristle flies, and this resulting sum divided by the number of 
flies of that sex in that bottle. This method of calculating posterior dorsocentral 
bristle frequency is justified by the data of Plunkett (1926) and Walker (1941). 
According to these workers, the effect of Dichaete is to remove the anterior dorso- 
central bristles first and the posterior dorsocentral bristles secondarily, if the effect 
is strong enough. This means that if two bristles remain, they are practically 
always the posterior dorsocentrals, and if one bristle is present it is with about 
equal frequency the right or left posterior dorsocentral. As an overall measure 
of bristle frequency (in one sex) in a particular cross, a mean bottle index 
ona was calculated in the same manner as for a single bottle. A summary of 
cross indices is shown in Table II. 


TABLE II 


Bristle frequencies (as measured by presence of posterior dorsocentrals per hemithorax; wild- 
type = 1) for Dichaete progeny of the experimental crosses. ‘‘A’’ and ‘“‘B”’ refer to reciprocal crosses, 
the former denotes the cross in which the female parent is Dichaete and the latter denotes the cross in 
which the male parent is Dichaete. 


Female progeny Male progeny 


A B A B 
Experimental Mutant used soos for rs 


cross number “maternal” effect Mutant Mutant Mutant Mutant 
father mother father mother 


Cross index Cross index 


1A and 1B | vg (bottle method) 0.704 0.752 0.529 0.635 


**2A and 2B vg (egg-count method) 0.774 0.710 0.681 0.403 


4A and 4B M-3 (bottle method) 0.585 0.601 0.423 0.445 








**5A4 and 5B | M-3 (egg-count method) 0.824 0.903 0.625 0.605 





6A and 6B M-2 (bottle method) 0.669 0.529 0.500 0.425 





7A and 7B pyd (bottle method) 0.697 0. 506 .660 0. 445 


3A and 3B M-4 (bottle method) 0.432 0.363 0.289 0.180 


9A and 9B, method) 0.779 0.793 0.599 0.523 
10A and 10B 0.843 0.891 0.671 0.709 





siiiaameiiesth tani otra ee ei ae eal baal { a 
8A and 8B, | Dichaete* (egg-count 0.855 "0.853 0.783 | 0. 18 


* These experiments were carried out within the Dichaete stock itself: D/C femz aus and males 
were crossed reciprocally with C/C males and females. 
** These crosses done by the “bottle” method and repeated later by the “egg-count”’ method. 
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Whether the indices (for the same sex) of the reciprocal crosses were or were 
not significantly different was determined in three steps: 

(1) for each sex (Premaies and Pmaics), a joint mean of the two reciprocal crosses 
was calculated from the combined data of the two crosses in the same manner as 
for a single bottle. 

(2) the bottles above and below the joint means, sexes considered separately, 
were entered in a four-fold table. 

(3) this table was tested for homogeneity by the usual x? method. The rele- 
vant data for all crosses are summarized in Table ITI which shows the probability 


TABLE III 


x*, n, values for distribution of bottles whose indices fall above and below the joint mean 
(Premaies 2nd Posies) for each reciprocal cross. 




















Crosses compared Female progeny Male progeny Combined progeny 

R- : z : Bie 5.127 0.025 4.282 0.042 9.409 0.010 
2 ‘ : c P Fie ane pace 24.966 | 0.003 | 30.398 | <0.010 
= Tw -“ - sas | ‘inns 2.115 0.160 | 4.900 0.089 
as | cae ee kee @ sa | tose | ass 3.185 | 0.204 
= ~ ay a M - : 3.343 aaa’ ate : ai 3.359 0.190 
: a DIC . C | 9.185 ane oat? an | 15.00 <0.010 
if feminine 13.616 | <0.010 | 18.169 | <0.010 née | <0.010 
‘sa Dic x = | 0.744 | 0.407 | 3.702 | 0.056 | 4.446 | 0.115 
ja D . x cic | ane 0.444 | 1.563 | as | 2.191 | 0.392 
me : . x cic . 3.478 0.067 | 0.965 | a 4.443 | 0.117 


* Cross giving higher index for progeny of both sexes. 
** Cross giving higher index for female progeny. 
t Cross giving higher index for male progeny. 


that such a distribution above and below the joint index could be a chance occur- 
rence. 
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Of the mutants tested, three—pyd, vg, and M-2—have significantly different 
indices in reciprocal crosses; two, M-3 and M-4, do not, nor does Dichaete itself. 

One totally unexpected feature of these results is that the difference between 
reciprocal crosses involving vg was of opposite sign in the two trials, but sig- 
nificant in each case. In crosses 14(D/CQ2 X vg/vgh) and 1B(vg/vgQ x 
D/C) both male and female offspring had higher indices where the vestigial 
parent was the mother; in crosses 2A(D/C2 X vg/vgd') and 2B(vg/vgQ x 
D/C) each sex showed a larger index where the vestigial parent was the father. 
Among many possible explanations, three seem most worthy of consideration. 
(1) Inefficient statistical methods may have been used. It may be recalled here 
that the general purpose of statistical tests of the reality of observed differences is 
to predict whether similar differences would be expected in repetitions under com- 
parable conditions. Predictions are based here on the variation of bottle indices 
within an experiment. In the present case the statistical test of either one experi- 
ment of a pair leads to the expectation that the other experiment should yield a 
difference of the same sign, if it has been performed similarly. The other, how- 
ever, gives opposite results. (2) There may have been a difference in procedure 
between the two experiments of a sort which, in general, reverses the direction of 
difference between reciprocal crosses involving vg and Dichaete. In fact crosses 
14(D/C@ X vg/vgs') and 1B(vg/vg2 X D/C) were raised by the bottle method 
and had average population densities of 4.7 and 4.4 larvae per cm.’ (as judged by 
the number surviving to eclosion) ; crosses 24(D/C@ X vg/vgg) and 2B(vg/vgQ 
x D/C), raised by the egg-count method, had densities of 0.85 and 0.91 larvae 
per cm*, (3) There may have been a difference in material between the two 
experiments. In fact the vestigial parents used in the two trials were not of 
undoubtedly identical genotype. In maintaining the vg and Canton stocks, a con- 
tamination was noticed in both of them between the first and last vg experiments. 
The Canton stock was re-obtained from a laboratory stock which had come orig- 
inally from the same stock as the first Canton stock but had been inbred by mass 
matings instead of pair matings. A stock of vestigial was obtained from the same 
source as before and was made approximately isogenic by the same procedure as 
before. On the whole, then, explanation (3), difference in stock, seems rela- 
tively improbable. 

Explanation (1), inefficient statistical method, also may reasonably be ex- 
cluded: the method is standard and its prediction about repetitions is upheld in 
the one cross which was repeated without change in culture method. Three sets 
of reciprocal crosses were made between Dichaete and non-Dichaete siblings. In 
each set of reciprocal crosses the indices for both sexes were found not to be sig- 
nificantly different. The prediction from the statistical tests is also fulfilled in 
one case where the culture method was changed, that is, crosses 44(D/CQ x 
M-3/C3) and 4B(M-3/CQ x D/C) were done by the bottle method and their 
indices (for both sexes) were found not to be significantly different. Later, this 
same pair of reciprocal crosses was repeated (cross 54: D/CQ x M-3/C¢ and 
cross 5B: M-3/CQ x D/C) and the progeny raised by the egg-count method. 
Here, as before when the bottle method was used, neither sex showed indices 
significantly different from those of their reciprocal crosses. 

Thus explanation (2), effect of culture method, seems to be the only one of 
the three leading possibilities which cannot be reasonably excluded. That it 
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should be expected to bring about a reversal of the difference between reciprocal 
crosses is not obvious from the literature on bristle phenotypes. That it may 
actually have done so can scarcely be decided without some study of the relation 
between bristle index and the factors which change with varying culture condi- 
tions. It is with this problem that the following section is concerned. 


Factors AFFECTING THE BRISTLE INDEX 


Three factors affecting the bristle index will be considered. 

(1) Differences within crosses. Whatever the factors may be which affect 
the bristle frequency in the present material, they do not operate identically even 
through a group of bottles prepared at the same time, containing progeny from 
parental pairs of the same genotype, and all incubated within 0.5 degrees Centi- 
grade of the same temperature. This fact was established by making ,? tests 
for homogeneity for the female indices within each of the twenty experimental 
crosses. The results of these tests are listed in Table IV. Altogether, in twelve 


TABLE IV 


x? treatment of the comparison of bottle and group indices of the female progeny 
within crosses 1A—10B 














Cross 
— ostentihcatiatenliibaincticeentincijenitaciptcoalcatinatanl x? | n P 

No. @ x @ 

1A DIC xX _ ugieg 94.179 | 34 <0.010 
1B vgiog X DIC 64.463 16 <0.010 
2A DIC xX _ gig 55.793 | 29 |  <0.010 
2B ugg X DIC | 105.025 | 35 |  <0.010 
3A DIC xX M-4/C 47.372 | 30 0.024 
3B M-4/C xX D/C 12.815 | 17 0.747 
4A DIC xX M-3/C | 104.200 | 37 |  <0.010 
4B M-3/C X D/C | 108.071 40 |  <0.010 
5A DIC xX M-3/C 18.895 18 0.407 
5B M-3/C X D/C 9.082 | 14 0.823 
6A DIC xX M-2/C | 132.111 29 |  <0.010 
6B M-2/C X D/C | = 143.243 | 45 <0.010 
7A DIC Xpyd/pyd 72.103 | 31 |  <0.010 
7B pyd/pydXx = DIC 93.845 | 45 |  <0.010 
8A DIC x Cc 2115, | 19 0.163 
8B Ge. ™ . me 18.893 | 17 0.339 
9A DIC x Cc 42.234 | 39 0.674 
9B a ae 71.068 | 36 0.013 
10A De’ x 6 26.987 | 39 0.162 
10B cic x Dic | 72.094 | 41 <0.010 

| ! 


of the twenty crosses, significant differences among bottle indices for females were 
found between duplicate bottles of the same cross. 

(2) Differences related to eclosion order. In addition to the unexplained dif- 
ferences among bottles treated as similarly as possible, consistent differences in 
bristle index are also found within individual bottles. In each of the crosses 
raised by the bottle method, the first flies to eclose showed a higher mean bristle 
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index than the flies included in the second count, two days later. And these in 
turn had a higher mean index than flies included in the third count which was four 
days after the first. That is, in general, the bristle index decreased with eclosion 
order. 

The underlying factor or factors which relate the bristle number of an indi- 
vidual fly to its eclosion order are unknown. They may include, among others, 
amount of moisture of food, presence of metabolic wastes of larvae, and amount of 
yeast available during all or part of the life of a larva. The yeast growth of a 
particular culture presumably varies partly with the number of larvae which have 
previously been feeding upon it, and perhaps partly with elapsed time, independ- 
ently of larval population. 

(3) Difference related to area per eclosed larva. It was found in all but one 
out of sixteen cases that bristle index was positively correlated with substrate area 
per eclosed larva. The positive correlation coefficients were found to vary from 
0.479 in the male progeny of cross 2A(D/C9 X vg/vgd') to 0.049 in the male 
progeny of cross 2B(vg/vg2 x D/C) (Table V). The excessive variability 


TABLE V 


Correlation coefficients between bristle index and substrate area 








| | Female progeny Male progeny 
Cultured by | Cross ee 

rT r 
Bottle method | 14 (D/C X vg/g) | 0.303 0.160 
Bottle method | 1B (ogg X DIC) | 0.471* 0.078* 
Egg-count method | 2A (D/C X _ vg/vg) | 0.099* 0.479* 
Egg-count method 2B (ug/ug X D/C) | 0.085 0.049 
Bottle method | 44 (D/C XM-3/C) | 0.092 0.084 
Bottle method | 4B (M-3/CX DIC) | 0.309 0.321 
Egg-count method | 5A (D/C XM-3/C) | 0.328 0.257 
Egg-count method 5B (M-3/CX D/C) — 0.037 0.228 


* Signifies cross with significantly different mean bristle index in reciprocal crosses. 


of indices within crosses, and the influence on size of index of eclosion order, makes 
difficult an evaluation of the correlation between index and substrate area. A 
clarification should be based on data containing counts of daily hatches and not 
only, as in the data used, on complete hatches. 
DIscussION 
The original purpose of this investigation was to test for “maternal effect,” i.e., 
phenotypic effects expressed exclusively through or by the maternal parent, in 
the offspring of reciprocally crossed isogenic stocks. No significant differences 
were found between reciprocal crosses involving M-3, M-4, nor within Dichaete 
itself, but significant differences between reciprocal crosses involving M-2, pyd, 
and vg were found (as judged by mean posterior dorsocentral bristle index). 
However, two groups of data showed large and unexplained variation. These 
were the significant differences in mean bristle index of cultures within crosses, 


and the reversal in sign of the significant differences between crosses 14 (D/C? 
x ug/vgg) and 1B(vg/vg? x D/CH), and crosses 2A(D/C2 X vg/vgd') and 
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2B(vg/vg2 x D/CS). In regard to the former, these significant differences 
arose among progeny of parental pairs of identical age and genotype. They arose 
in spite of efforts to produce, as nearly as possible, identical treatment of all flies. 
It must be concluded that these efforts were not sufficiently successful in making 
the environments of different sets of progeny homogeneous. Such factors as the 
condition of the substrate, the availability of yeast, and possibly the presence of 
bacteria and fungi in the fermenting medium were probably of influence on the 
bristle indices. With regard to the reversal in difference between bristle indices 
in the two sets of vg-Dichaete crosses, the unexplained variability just discussed 
may be the only cause of the opposing results. In addition, it should be pointed 
out that different culture methods were employed in the vg/Dichaete experiments. 
During larval life the closure of the experimental dishes in the “egg-count” method 
by means of cheesecloth and fingerbowls is considerably less tight than in the 
bottle method. It allows for more loss of substrate moisture and permits perhaps 
greater inoculation with bacteria and fungi. Furthermore, the greater area of 
substrate per larva in the “egg-count,” as compared to the bottle method, presents 
a difference in environment, in degree if not in kind, to the developing larvae. 
The availability of yeast and the abundance of competitive organisms may be 
altered, as part of this environment, and in turn may influence the production of 
posterior dorsocentral bristles. Whether the effects of these two different environ- 
ments is of such nature as to cause a significant reversal of mean bristle index 
between these two sets of reciprocal crosses is not conclusively shown in these 
data. The fact, however, that they may influence mean bristle index in experi- 
mental flies should not be ignored. 

In the interest of more exact and uniform conditions, certain refinements of 
technique in future experiments may be mentioned here. It is well known that 
too few as well as too many larvae do not produce healthy culture conditions. 
Therefore, the optimal area per substrate per larva should be determined. In view 
of the fact that great variations in egg hatching are sometimes encountered, it is 
suggested that, where possible, counted larvae are chosen for experimental material 
rather than eggs. The substrate itself varies somewhat from culture to culture in 
the amount of moisture present and acidity (Bridges and Darby, 1933). Buffered 
substrate and controlled moisture conditions might aid in establishing more uniform 
culture conditions. 

Differences between reciprocal crosses somewhat similar to those encountered 
in this work have also been described for vg by Hersh and Ward (1932), and 
Child (1939). No data were presented dealing with differences in wing size 
related to eclosion order, or to amount of substrate per larva, nor have tests of 
homogeneity been reported. The present work points to the necessity for ex- 
tremely well controlled culture conditions and a searching statistical analysis, before 
conclusions concerning “maternal effect” can be accepted. In view of the residual, 
uncontrolled variability, the data obtained in this work are inconclusive as to the 
presence or absence of a “maternal effect.” 


SUMMARY 


1. To test for the existence of maternal effects in Drosophila melanogaster, 
approximately isogenic stocks of Dichaete, pyd, vg, M-3, M-4 were prepared. 
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Reciprocal crosses were made between each stock and Dichaete, and between 
Dichaete and non-Dichaete siblings. The results, as indicated by posterior dorso- 
central “bristle indices” (i.e., average number of dorsocentral bristles per hemi- 
thorax), of the Dichaete progeny show that no significant differences arose within 
six pairs of reciprocal crosses. The reciprocal crosses of four other pairs of 
experiments yielded significant differences in bristle indices. Two of these pairs 
were alike in type of crosses, but different in type of culture method. The sign 
of the differences in bristle indices was reversed in these two sets of experiments, 
the progeny with the higher indices coming from Dichaete mothers in one case, 
and from Dichaete fathers in the other. 

2. Tests of homogeneity show that within crosses, all bottles of which have had 
identical treatment, differences in mean posterior dorsocentral bristle frequency 
occur which are greater than those to be expected on the basis of simple sampling 
errors. 

3. The size of the bristle index of an individual fly depends partly upon its 
eclosion order, with those flies that eclose earliest having the highest bristle index. 

4. The size of the bristle index depends partly on area of substrate available to 
the individual, although this dependence may be weak in many cases. 

5. The lack of homogeneity in indices within crosses, and the reversal in 
direction of “maternal effect” in the pairs of crosses grown under two different 
culture conditions, suggest that external conditions during the development of the 
flies must be made more constant than heretofore, before conclusions as to the 
presence or absence of a “maternal effect’’ can be drawn. 
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BINARY ANTERIOR OCELLI IN ANTS 
NEAL A. WEBER 


In a paper by this name in the Biological Bulletin William Morton Wheeler 
(1936) published an account of binary anterior ocelli which was believed to 
be the first record of this condition in adult insects. He was led into a search 
of the literature by finding a doubling of the anterior ocellus in 15 out of 
more than 4,000 of a colony of anomalous ants (Cephalotes atratus quadridens 
DeGeer), which he called gynandromorphs. This colony was one which I col- 
lected in Trinidad, British West Indies. The discovery led him to examine other 
ants, an examination which revealed a comparable condition in a soldier of the 
Indomalayan ant, Pheidologeton diversus laotina Santschi, and in more than 60 
per cent of a series of 300 soldiers from 25 colonies of the neotropical leaf-cutting 
ant, Atta cephalotes L. 

The anterior ocellus of the insect eye has long been known to have a double 
innervation, while the lateral ocelli have a single innervation. In the ontogeny 
of insects there are also two primordia for the anterior ocellus itself, one for each 
of the lateral ocelli. 

It is the purpose of this note to give credit to a much earlier discoverer of the 
binary anterior ocellar condition in ants and to add several additional records. 

H. W. Bates in “The Naturalist on the River Amazons,’ of which the first 
edition was published in 1863, while writing of the large leaf-cutting ants or Satiba 
at Para, Brazil, says: * 

“The third order of workers is the most curious of all. If the top of a small, 
fresh hillock, one in which the thatching process is going on, be taken off, a broad 
cylindrical shaft is disclosed. . . . If this be probed with a stick . . . a small num- 
ber of colossal fellows (Fig. 3) will slowly begin to make their way up the smooth 
sides of the mine. Their heads are of the same size as those of the class Fig. 2; 
but the front is clothed with hairs, instead of being polished, and they have in the 
middle of the forehead a twin ocellus, or simple eye, of quite different structure 
from the ordinary compound eyes, on the sides of the head. This frontal eye is 
totally wanting in the other workers, and is not known in any other kind of ant.” 

A new record which is here figured (Fig. 1) is that of another fungus-grower, 
Acromyrmex (A.) coronatus Fab. In this genus, however, there is no soldier caste, 
although the workers are otherwise as polymorphic, and the large workers do not 
normally have ocelli. Three large workers from Bolivia (Rosario: L. Rocagua, 
W. M. Mann, collector) show the condition as represented. The frontal area, 


1 His description and figures (Everyman’s Libr. ed., 1930, pp. 10-16) of the large, shiny- 
headed soldier with distinct ocelli fits Atta cephalotes L. and this is the species he names (as 
Oecodoma cephalotes). He, however, states that the male is not much more than half the size 
of the female and this is characteristic of Atta sexdens L., the common Brazilian species. It 
is possible that most of his extensive account, which is not quoted, refers to sexdens and the 
condition of double ocelli refers to cephalotes. When he returned to England he may have 
examined the latter in collections and then discovered the ocelli, or he may have seen the 
condition in life along the upper Amazon where cephalotes and laevigata occur. 
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above the convex posterior margin of the clypeus and between the bases of the 
antennal scapes, is shown. The ants are normally rugose here and this condition 
if indicated by short irregular lines. The dotted lines constituting the margin of 
each figure represent the frontal carinae which are expanded anteriorly as frontal 
lobes covering the insertions of the antennae. In the middle of each frontal area 
posteriorly lie the paired ocelli. Each pair is in the position of the normal single 
anterior ocellus of the functional female caste of the species. In the female of 
A. coronatus globoculis Forel, for example, the lateral ocelli lie immediately out- 
side the frontal carinae in the position indicated in the figures by a pair of short, 
converging, dotted lines forming the most posterior portion of the drawings. 
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Ficure 1 | 


Other species of fungus-growers in my collection show binary anterior ocelli 
or other variations from the usual absence of ocelli. 

Soldiers of Atta cephalotes from Peru show the condition described by Dr. 
Wheeler. The three mounted maxima soldiers of the type colony of A. cephalotes 
isthmicola Weber from Panama have large binary anterior ocelli and vestigial or 
no lateral ocelli. Three smaller soldiers of the same colony have each a minute 
anterior ocellus and no lateral ocelli. 

Out of three soldiers of Atta sexdens rubropilosa Forel (det. Gongalvez) from 
Rio de Janeiro, only the largest shows ocelli and these are a minute lateral pair. 
Three soldiers of A. sexdens robusta Borgmeier from Rio de Janeiro (Gongalvez) 
show minute anterior and much larger lateral ocelli. 

Large soldiers of Atta laevigata (F. Smith) from Venezuela, Brazil and 
Bolivia have a variable anterior ocellus which in some is smaller, in others larger, 
than the lateral ocelli. Several of the anterior are binary. 

It may be pointed out that all of these records, now comprising four genera, are 
from the subfamily Myrmicinae which occupies a position about midway in the 
phylogeny of ants. 
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AN ELECTRON MICROSCOPE STUDY OF PROTOZOAN FLAGELLA 
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INTRODUCTION 


While the magnifications obtained by the electron microscope have added greatly 
to the knowledge of the morphology of bacteria, the protozoa have been found to 
be too thick for easy penetration (unpublished work). However, it was believed 
that certain protozoan structures could be studied to advantage, and the following 
paper summarizes some results of electron microscope studies of flagella. 

Flagella have been studied extensively with the light microscope. VIk (1939) 
demonstrated several types among which was the ciliary type consisting of a shaft 
on which were located numerous small cilia, or very fine fibrils. Other biological 
fibers have been studied and are being investigated by means of the electron micro- 
scope. Jakus (1945) studied the morphology of trichocysts of paramecia elucidat- 
ing the “ultra-structure” of the shaft. The shaft material is made of fibers which 
show long spacings typical of contractile fibers. These spacings, which probably 
represent the fundamental molecular arrangement in the fiber, differ slightly in 
length from the spacings in myosin and collagen. The connective tissue fiber, 
collagen, has been studied by Schmitt, Hall, and Jakus (1942) using the electron 
microscope. They were able to measure directly the long spacings which had 
previously been studied by Clark, Parker, Schaad, and Warren using X-ray 
diffraction techniques (1935), and had been remeasured by Bear (1942, 1944). 
Hall, Jakus, and Schmitt (1945) demonstrated several distinct long spacings in 
muscle fibers. 

Fibers have been observed by electron micrograph in the tails of sperm by 
Baylor, Nalbandov, and Clark (1943) using bull sperm, and by Harvey and 
Anderson (1943) using the sperm of the sea urchin. The axial filament of the 
sperm tail in unfixed preparations separated into about ten to fifteen fibrils either 
in the region of the naked filament or in the region of a break in the protoplasmic 
sheath. The flagella of bacteria have been studied by Mudd, Polvitsky, and 
Anderson (1942) using the electron microscope. 

By all odds the outstanding investigation on flagella, both in structure and 
function, is that of Harley P. Brown (1945). This Ph.D. thesis gives an exhaus- 
tive historical background as well as an account of the author’s extensive experi- 
ments ranging from electron micrographs to underwater swimming. This paper 
unfortunately did not come to the attention of the present authors until a consid- 
erable amount of our work had been completed. Actually, there is very little to 
be added to the work of Brown. But it seems of value to record our independent 
observations, most of which are on quite different organisms. Our electron micro- 
graphs in part confirm the data of Brown, but those included in this paper pri- 
marily present new information on flagella not disclosed in his electron micrographs. 
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Brown studied the following organisms: Astasia kelebsii Lemmermann, Euglena 
gracilis Klebs, Ochromonas variabilis Meyer, and Chilomonas paramecium Ehren- 
berg. The micrographs show that the flagella are of approximately uniform diam- 
eter throughout their entire length; that each flagellum consists of a denser axial 
core (axoneme) and a less dense sheath surrounding the core; that in the flagella 
of Euglena and Astasia the axial core appears to consist of two fibers of equal 
size; that the sheath appears to contain or consist of a coiled fiber in a helix 
encircling the axial core; that flagella of Euglena and Astasia bear along one side 
a single row of delicate filaments, designated flimmer, while the long flagellum of 
Ochromonas bears similar flimmer along both sides, and that of Chilomonas bears 
none. The general conclusion of Brown is that the flagellum beats in spiral undu- 
lations, confirming the theory of Lowndes (1945). 


MATERIALS AND METHODS 


The R.C.A. electron microscope, type B, was used in the following experi- 
ments. The microscope and its application to biology has been described in 
detail by Marton (1941), and by Zworykin, Marton, Ramberg, Hillier and Vance 
(1945). The specimen was placed directly on a collodion membrane supported 
by a standard wire mesh which served as the “slide.” In the experiments which 
follow it was often desirable to examine the specimens at low magnifications so 
as to correlate the results with those of the light microscope. It was also desirable 
to view a wide field. The wide field, low magnification and greater depth of focus 
were obtained by placing the “‘slide” in the top of the specimen holder. The optical 
principles involved have been described by Burton, Barnes, and Rochow (1942). 
The technique of calibration described in that paper was employed to obtain the 
magnification figures used in this work. 

Mixed cultures of protozoa were obtained from water from the Boneyard 
Creek in Urbana, Illinois. They were subcultured in chlorine-free water to which 
a grain of unpolished rice was added. Some pure cultures were attempted by 
subculturing from single organisms picked from dilute mixed cultures by fine 
pipette, but results of this procedure were unsatisfactory both as to photographs 
obtained and purity of culture. Saline suspensions of the gut contents of the cock- 
roach Peraplanita americana were prepared in an attempt to photograph the flagella 
of the flagellates Lophomanas blattarum and L. striata. In a similar manner, 
suspensions of the gut contents of the termite Reticulitermes flavipes were prepared 
in order to observe the flagella of this rich flagellate fauna. 

Specimens were prepared in the following ways: 

1. A drop of culture was placed directly on the collodion membrane and allowed 
to dry in air. Some of these were washed in distilled water to remove excess 
debris, organisms, or salt. 

2. A drop of the culture was placed directly on the collodion membrane, al- 
lowed to stand five to ten minutes in air, and then before complete drying had 
occurred, the screen ‘was touched to a meniscus of distilled water. The surface 
tension of the meniscus drew the liquid from the screen leaving the biological 
material attached to the membrane. 

3. Organisms were fixed in formalin directly on the screens, which were then 
washed in the above manner to remove the excess formalin. 
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4. Mixed cultures were fixed and stained with osmium tetroxide by adding 
2 per cent OsO, in aqueous solution to the drop containing the organisms, allowing 
the organisms to sink, and then pipetting them to the screen. 

RESULTS 

Most of the protozoa were too large and thick for penetration by the electron 
beam. Specimens of Euglena sp. allowed no penetration, either in the region of 
the cell body or through the flagellum itself. Preparations from the gut of both 
cockroach and termite contained sufficient extraneous matter to obscure the struc- 
tural details of the locomotor organelles of the flagellates. However, flagellates 
from the fresh-water cultures, some of which were tentatively assigned to the genus 
Monas, did allow enough penetration after drying to permit the cell outline and 
granules within the cell to be observed. Since this favorable material possessed 
several different and distinct types of flagellar forms, it was used for most of the 
studies herein described. 

The general cell form of the organisms studied can be observed from the electron 
micrographs. Figure 1 shows a round cell body of Monas sp. which has un- 
doubtedly flattened and shrunk during drying. The cell membrane is clearly seen, 
as is the protoplasmic mass which has become distorted during drying. Numerous 
granules can be seen within the cell, but their identification can only be surmised. 
The unidentified flagellate in Figure 2 shows an invagination at the apex behind 
which is a clear area, suggesting a cytostome and reservoir, or perhaps a con- 
tractile vacuole. 

The fixation techniques employed in this work were not of a nature to demon- 
strate delicate cellular or flagellar components. Denaturation of protein appears 
to render it more opaque to the electron beam as does certainly the addition of a 
heavy metal. Formalin fixation caused adherence of foreign material to the cell 
body. The effects of osmium tetroxide can be seen in Figures 4, 6, 7, and 10. 
Much debris is always adsorbed and the cell body is completely impenetrable. The 
freezing-drying technique (Wykoff, 1946) is suggested as being probably the best 
to preserve the form of these animals for study with the electron microscope. 

The flagella seen in the accompanying photographs are of two types, the ciliary 
flagellum and the fibrous flagellum. VIk (1938) named the ciliary flagellum and 
found it present in many species of flagellates. He called the type without cilia 
the whip-flagellum, which may be the same as the type observed in this work and 
designated as the fibrous flagellum owing to the nature of its structure. The ciliary 
type seen in Figures 1 through 7 appears to consist of a shaft or tube, or mass of 
densely packed elongate fibers surrounded by radially placed ciliary structures (or 
flimmer). The exact nature of the central shaft cannot be determined from the 
present photographs. At the distal end of the flagellum shown in Figure 1, and 
in the region of the bend in Figure 5 long heavy fibers may be seen. The shaft 
may be a tube of these, or may have them embedded in the tube wall as a con- 
tractile element. In Figures 2 and 3 the shaft appears solid. In Figure 7 the 
central structure, which has been fixed with osmic acid, may possibly be interpreted 
as a hollow tube. It is probable that there are several different sub-types of the 
ciliary type of flagellum. In numerous cases one of the two flagella measured less 
than one micron in length. Flagella usually measured from 5 to 10 microns in 
length, and about 0.3 microns in width. 
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Priate I 


Figure 1. Electron micrograph of “Monas sp.” showing cell body and attachment of two 
types of flagella (ca. 5,700 X). 

Figure 2. Organism (unidentified) showing single ciliary flagellum. Note shaft nodules 
and arrangement of cilia (ca. 4,700 X). 

Figure 3. Portion of ciliary flagellum showing nodules of shaft and cilia (ca. 6,600 » 

Ficure 4. Ciliary flagellum after osmic acid fixation (ca. 8,400). 

Figure 5. Ciliary flagellum with fibrous shaft (ca. 9,600 x). 
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The point of attachment of the cilia on the flagella could not be determined by 
these photographs. Figures 2 and 3 show small nodules limited to one side of 
the shaft from which groups of cilia appear to take their origin. These are most 
dense in the proximal region. Brown ascribed this appearance to the helical 
fibrous sheath closely appressed to the axial core. Figures 1 and 5 show no such 
nodules although the cilia are clearly seen. In Figure 4 the form of the shaft is 
obscured by clumps of osmic acid which have also deposited between the individual 
cilia. 

The fibrous flagella are best seen in Figures 8 and 9. They appear to be long 
fibers twisted spirally as the fibers of a rope. The rope-like quality is especially 
clear in Figure 9 where the tip of the flagellum has frayed. This structure was 
not observed in the microscope of Brown. Figure 8 shows the base of a flagellum 
which has broken away from the rest of the cell. These were not uncommon. 
The fibers appear to extend into the circular portion which is probably a part of 
the cell body. It would be interesting to observe isolated portions of the cel! 
membrane for long fibers. 

Long spacings were sought in the fibers. Enlargement of the fiber showed 
none. However, only very excellent photographs at high magnifications and at 
perfect focus can be used for these determinations. In osmic acid fixed rat tail 
collagen we were able to observe the long spacings reported by Schmitt, Hall and 
Jakus (1942). Hall, Jakus and Schmitt (1945) were able to demonstrate spac 
ings in myosin only after treatment with either osmic acid or phosphotungstic acid. 
Figure 10 is a high magnification of the flagellar fibers treated with osmic acid. 
The granulation seen in the fibers is very regular, and paired rows of granules 
appear to lie together. This is the only indication of a periodicity which has been 
found in this work. It may be an artifact caused by precipitated osmic acid 
enmeshed in the fibrils. Very careful additional work should be carried out in 


this direction. 
DISCUSSION 


The agreement of the gross morphology of protozoans as revealed by electron 
micrographs with that seen by light microscope studies suggests that additional 
information may be gained by the electron microscope. The danger of artifacts 
introduced by the necessary treatment for such observations can be overcome by 
careful studies of morphological changes under different treatments and can be 
at least reduced to the level of that found in treatment preliminary to light micro- 
scope examination. The use of stains, in some cases specific, which are suitable 
to the optics of the electron system has. been attempted, and will no doubt be 
developed to a satisfactory state. (Baylor, Appleman, Sears and Clark (1945) 
state that the electron “stain” must differentially alter the densities of various proto- 
plasmic constituents.) The present day viewpoint of the necessity of knowledge of 
the specificity of a stain, and its action on well defined chemical constituents, ought 
to preserve the new field of electron microscopy from the array of sometimes mean- 
ingless colors now burdening light microscopy. 

Needless to say, there is real need for careful identification of the specimens 
examined. Such was not possible at the time of this work. The necessity for 
pure cultures in investigations such as these is evident. 
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Pirate II 


Ficure 6. Two unidentified flagellates after osmic acid fixation (ca. 4,500 x), 

Figure 7. Osmic acid fixed ciliary flagellum, the shaft appears hollow (ca. 1¥,000 x). 

Figure 8. Fibrous flagellum broken away from the cell body (ca. 7,500 x). - 

igure 9. Fibrous flagellum showing rope-like arrangement of fibers (ca. 7,500 X<). 

Figure 10. High magnification of frayed fibrous flagellum after osmic acid fixation 
(15,000 x). 
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A mechanism of flagellar movement is suggested by the electron micrographs. 
The presence of fibrils in both types of flagella suggests that contraction and relaxa- 
tion occurs as it is believed to occur in the fibers of muscle and connective tissue, 
that is, by molecular rearrangement. Contraction of individual fibers, particularly 
those arranged in the rope-like fashion seen in Figure 9, could account for the 
sweeping spiral movements observed in the living state. There is an indication 
that the fibrils of the fibrous type may extend into the cell body. Unilateral con- 
traction of those in the cell body could certainly account for a variety of movements. 
The cilia of the ciliary type may function in either the original sweep or the recov- 
ery. They may also function in creating favorable currents in the water environ- 
ment. In Figure 5 the cilia appear to be an extension of the protoplasmic mem- 
brane, and since no actual fibers can be observed within them, it may be that they 
serve to increase the sensory, absorptive or secretory surface of the cell. 

The fibrous constitution of certain of the flagella indicates a broad distribution 
of fibers throughout the animal kingdom, from these simple organisms up through 
the complexities of the highly developed mammals. Are the fiber types the same 
throughout the whole kingdom? Is collagen, for example, present in all living 
animal forms, or does some other fiber take over its function in other species? 
Does the fiber form determine the function? Solution of these problems awaits 
further investigation and development of new and improved techniques. 


SUMMARY 


Certain flagellated protozoa have been photographed by the electron microscope. 


Two well defined types of flagella have been observed, a fibrous type in which the 
individual fibers occur in a twisted rope-like arrangement, and a ciliary type on 
which are arranged numerous small cilia. The shaft of the ciliary type in some 
cases appears to consist of fibrils. These observations verify in part and augment 
the masterly work of Harley P. Brown at The Ohio State University. 
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INTRODUCTION 


The sea has long been looked upon as a realm of silence. That this view is 
no longer tenable has been abundantly demonstrated as a result of extensive inves- 
tigations with modern underwater sound detecting gear. These investigations, 
which during World War II became of grave importance because of submarine 
warfare and harbor defense, have shown that great, stretches of numerous coastal 
areas are exceedingly noisy, periodically or perpetually, due to marine animals. 
Conversely, the investigations also indicate that vast areas of the deep ocean and 
of shallow water in higher latitudes are indeed notably silent. 

The most widespread by far of all the biological underwater noises now known 
to exist in the sea is a crisp, high frequency, crackling noise caused by snapping 
shrimp. Examples of these animals are shown in Figures 1 and 2. It was not, 
however, until the second world war that the extent and persistence of this strange 
noise was realized and its cause determined. It has now become widely known as 
“shrimp noise” or “crackle.” 

The present report is intended to discuss, mainly, the cause and extent of 
crackle and to present the biological implications that explain its persistence and 
geographical distribution. Full details of the spectrum of the sound will be dealt 
with in another report (Everest, Young, and Johnson, in press). 


Earty History oF SHRIMP NOISE 


Before discussing the recent investigations that led to identification of crackle, 
it will be instructive to review briefly some of the early references that no doubt 


pertain to this noise phenomenon. 
1. Mariners operating small vessels in tropical waters have sometimes reported 
hearing strange crackling noises within the holds of their craft. The most common 


* Contributions from the Scripps Institution of Oceanography. New Series, No. 335. 

1 The work forming the basis of this report was done under contracts OEMsr-30 and 
NObs-2074 respectively with the Office of Scientific Research and Development (Section 6.1 
NDRC) and the Bureau of Ships, Navy Department, while the authors were members of the 
staff of the University of California Division of War Research at the U. S. Navy Radio and 
Sound Laboratory, San Diego, California. The following organizations cooperated in the col- 
lection of much of the data upon which this report is based: Navy Department, especially the 
Bureau of Ships; Naval Ordnance Laboratory; the U. S. Navy Radio and Sound Laboratory 
(now the U. S. Navy Electronics Laboratory) ; the Scripps Institution of Oceanography; the 
Coast Guard; and the Columbia University Division of War Research. 
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explanation given was that the noise was caused by shipworms (teredos) working 
in the ship’s timbers, or that it was due to superficial fouling growths on the hull. 
It is now known that the crackle from nearby shrimp beds is audible through the 
hull and probably forms the basis for these stories. 

2. The U. S. Coast and Geodetic Survey encountered troublesome noises while 
engaged in radio acoustic ranging off Oceanside, California in 1933-34. The sound 
was described as being similar to static crashes or to coal rolling down a metal chute. 
No explanation could be found for the noise, though efforts were made to correlate 
it with meteorological and hydrographic conditions, and with road traffic on a high- 
way adjacent to the coast (Comdr. O. W. Swainson, 1943, personal correspond- 
ence). Subsequent surveys have demonstrated that shrimp crackle is conspicuous 
in the area where these observations were made, and is loud enough in some spots 
to be audible to the unaided ear above the surface during calm water. Dredgings, 
also, showed the animals to be present in the shale bottom, which is honey-combed 
by molluscan bores. 

3. A U. S. submarine operating in Macassar Strait off Balikpapan early in 
1942 circled an area from which a strange crackling noise was emanating. Lt. 
Comdr. W. D. Wilkins, in reporting this experience, suggested that “the Japs may 
have some newfangled gadget that they drop.” Snapping shrimp are common in 
the Balikpapan region and the type of bottom and depth of water off Balikpapan 
form a favorable habitat for them. Other reports fram submarine officers strongly 
suggest that noises often encountered in coastal waters in lower latitudes are 
attributable to shrimp. 

4. Sounds were heard through the hull of a small vessel in Beaufort Harbor, 
N. C. and in calm water off Cape Hatteras (Hulbert, 1943). These sounds were 
described as similar to that produced by “dragging a blackberry vine.” No doubt 
they were produced also by snapping shrimp for these animals are abundant in 
Beaufort Harbor and are now known to be very noisy there. They also occur in 
offshore waters at Cape Hatteras (Hay and Shore, 1916). 

To summarize the above as well as other data, it is apparent from what is now 
known that the crackling noise has been attributed erroneously to various other 
phenomena. Some of these are (a) static crashes, (b) rolling pebbles, (c) surf, 
(d) volcanic or terrestrial disturbances, (e) shipworms working in a wooden hull, 
(f{) superficial fouling on the hulls of ships, (g) noises due to expansion or con- 
traction of the ship’s structure, and (h) clapping of oyster or clam shells. 

The sharp “snap” produced individually by these shrimp when captured has 
long been known, and has often been heard during low tide in some areas. The 
sound has hitherto, however, been considered only a biological curiosity and not a 
source of significant underwater background noise. Biological sounds similar to 
shrimp noise will be discussed later. 


RECENT INVESTIGATIONS 


Early in 1942 investigations of underwater ambient noise were begun by the 
University of California Diyision of War Research in the San Diego region. From 
the beginning of field tests a characteristic crackling noise of great magnitude was 
observed. It was first encountered at various locations off Point Loma and in the 
San Diego Yacht Harbor, and was found later in coastal waters off La Jolla, Ocean- 
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side, and other places on the southern California coast. The origin of the noise 
was a profound mystery until the end of 1942 when the cause was finally determined. 

Identification of the noise was accomplished through laboratory tests of various 
animals and through field studies in many different habitats and over different 
populations. In the laboratory the animals were usually tested in large concrete 
tanks supplied with running sea water. Large public aquaria were also used. 

For the listening tests and the exploratory studies, a simple crystal hydrophone 
and battery operated amplifier system sufficed. The equipment used for sound 
spectrum measurement in the field consisted of a non-directional hydrophone, a 
sound analyzer which was capable of selecting the various frequency bands (usually 
50-cycles wide or a half-octave), and a graphic level recorder. 

The sound emitted by an individual shrimp is a single sharp “snap” or “crack” 
produced only occasionally. It is the combined snapping of the members of a 
large population that results in a continuous loud underwater crackle over or near 
shrimp beds. In the audible band the crackling sound is comparable to the ex- 
plosive noises produced by brisk burning of large quantities of dry twigs or frying 
of fat. Similar sounds can be heard by heterodyning ultrasonic bands in the 20-50 
ke region down to the audible range. With increasing distance from the source, 
the sounds merge into a sizzle and finally a hiss without distinct cracks. 

Sound spectrum analysis of crackle in the sea reveals that the shrimp noise has 
its strongest components in the higher frequencies. In contrast to shrimp noise, 
the noise produced by fish (Loye and Proudfoot, 1946, and Dobrin, 1947) is made 
up of low frequency sounds and is markedly seasonal and diurnal. In normal 
“water noise” resulting from waves and streaming of water, the maximum energy 
is also in the low frequencies. Because of this, shrimp noise is easily distinguished 
from both fish noise and water noise. 

Figure 3 gives an idealized average of the sound spectra observed over shrimp 
beds in a variety of places. The ordinate for the sound measurements is sound 
pressure spectrum level.’ 

For comparison, the dashed curve shows the typical water noise observed in 
the deep sea, where there are no biological noises, for a state 1 sea.* This water 


2 Sound level is given as a number of decibels (db) above some reference value which in 
the present work is a root-mean-square sound pressure of 0.0002 dyne/cm?. This reference 
pressure is commonly incorporated in the calibration of sound-measuring instruments, but is 
frequently not explicitly stated. As a consequence, the decibel appears to be used with two 
meanings: a unit for an absolute measurement (with a reference value stated or only under- 
stood) and a unit for the relation of two sounds. In this paper when a sound level is stated in 
decibels it is in the first sense; the second sense is meant when a change or difference is given 
in decibels. 

The decibel (db) is a logarithmic measure of power ratio (or ratio of pressure squared) 
such that a 100-fold increase in power (or 10-fold increase in pressure) corresponds to 20 db. 
A doubling of power is an increase of 3 db. A doubling of sound pressure is an increase of 
6 db. The smallest change in noise readily perceptible to the ear is of the order of 1 or 2 db. 

The noise being dealt with here is conceived to be comprised of a rather continuous dis- 
tribution of sound vibration frequencies. The words “pressure spectrum level” refer to the 
effective sound pressure level for that sound energy contained in a band 1 cycle per second 
wide centered at the frequency indicated, 

8 The “sea” as used here refers to waves which are still growing because of the wind, and 
as such represent an additional motion superimposed upon the swell. A state 1 sea corresponds 
to waves from crest to trough less than 30 cm. high. See Jnstructions to Marine Meteorological 
Observers. U.S. Weather Bureau No. 1221, June 1941, p. 54. 
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noise increases at all frequencies with increasing roughness of the sea. It is ap- 
parent that at the lower frequencies the ambient noise over a shrimp bed is largely 
determined by the water noise found everywhere in the sea. However, above 2,000 
cycles per second shrimp noise completely overrides the usual water noise. Above 
10,000 cycles per second (10 kc) shrimp noise is some 30 db above the noise of a 
state 1 sea. The shrimp noise in the region of 10 to 20 ke exceeds the noise in 
a quiet sea by roughly the same amount as the audible noise in a factory exceeds 
the usual noise in a quiet residence without radio in operation. Because shrimp 
noise is greater than the water noise by such appreciable amounts, it is convenient 
to use an average spectrum level in the vicinity of 10 ke in studying noise suspected 
of being caused by shrimp. An average of the levels at 3, 5, and 10 ke has been 
used for this purpose, and also an average at 10, 15, and 20 kc; the latter has been 
arbitrarily selected for the present paper. 

Analyses were made, also, of single shrimp snaps by taking oscillograms of 
the sound from isolated identified specimens. The shrimp were placed in a gauze 
net within a rubber bucket filled with sea water. The whole assembly was lowered 
into a fresh water lake, then the net was drawn from the bucket by means of a 
cord. Contact with fresh water stimulated the shrimp to snap and photographs 
were made of the snap impulses shown on the oscillograph screen.* The whole 
snap lasts about 1% to 1 millisecond. Further details are to be found: in the acousti- 
cal report (Everest, Young, Johnson, in press). It is sufficient to note here 
mainly that the spectrum of a single snap, derived by a Fourier integral analysis, 
agrees qualitatively with the average spectrum over a shrimp bed. 

It is not possible to reproduce in the laboratory the extent of crackle heard over 
shrimp beds in nature, or to simulate the hiss heard at a distance from the bed. 
Therefore, corroborative evidence must come from correlated field observation and 
spectrum measurements as discussed later. 

The explanation of the local underwater sound mystery shed light on a number 
of qualitative reports of the type discussed in the previous section.. Ultimately, it 
made possible the prediction of this type of ambient noise in other areas. 

Sound surveys made since 1942 in widely separated areas along the East and 
West coasts of the United States from Key West to Chesapeake Bay and San 
Diego to Puget Sound, in the Bahamas, and in the Central and Southwest Pacific 
have confirmed the predicted, widespread distribution of shrimp crackle in localities 
that are ecologically suitable-for snapping shrimp, and its absence in other situations. 
In the following section an explanation of the relationships is given. 


Tue BroLocy oF SNAPPING SHRIMP AND Its RELATION TO SoUND LEVELS 

The geographic locations of noisy crackling areas in the sea and the stability 
of the sound in these areas are so closely bound to the snapping habit and to the 
living requirements of these animals that it is necessary to consider their biology 
in some detail in order to elucidate these problems. 


Biological relationships 
Technically, the snapping shrimp are related to the commercial shrimp, which 
they resemble in general appearance. In life habits and details of structure, how- 


+ The assistance of T. F. Johnston and T. McMillian in this phase of the work is grate- 


fully acknowledged. 
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fs 


KiaureE 1. Synalpheus lockingtoni natural size. Photographed from live specimens. At upper 
left: specimen with claw open to snap. 


Figure 2. Crangon californiensis 2 
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ever, they are very unlike the common shrimp. The snapping shrimp family 
Crangonidae (Alpheidae, see Rathbun, 1904) comprises about 27 genera and 
numerous species. Of these only the species of two genera, viz., Crangon (also 
called Alpheus by many authors) and Synalpheus, are capable of vigorous snap- 
ping. In the literature there are recorded about 215 species of Crangon and 150 
species of Synalpheus. Two species of these genera are shown in Figures 1 and 2. 
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Ficure 3. Average ambient noise spectrum over shrimp bed. 


The snapping habit 


Studies of most species of these two genera have been based on preserved speci- 
mens ; consequently, the snapping has not been observed directly in many species. 
The claw structure, however, indicates that all the species do snap to some extent. 
The species range in size from about 2 cm. to a giant species, C. strenuus, attain- 
ing a length of 8 cm., but it is clear that size is not necessarily correlated with the 
noise produced. The few direct sound measurements available of isolated speci- 
mens indicate, for example, that Synalpheus lockingtoni may produce a louder snap 
than its larger relative Crangon dentipes. The average peak pressure level of 
Crangon for a distance of a meter was 115 db above 0.0002 dyne/cm.?; whereas it 
was about 124 db for Synalpheus. While the difference may be real, the present 
observations are too few, and the spread too great, to confirm this. 

The habit of snapping is associated with defensive and offensive activities. 
In closing the snapping claw, a vigorous jet of water is produced by means of a 
plunger arrangement described below. This sudden gush of. water serves to 
frighten away enemies approaching too near. The antagonist may also be driven 





128 MARTIN W. JOHNSON, F. ALTON EVEREST, AND ROBERT W. YOUNG 


away or sometimes killed by a direct blow of the small hammer, but the biological 
significance of the accompanying loud sound is uncertain. 


The snapping mechanism 


A good deal has been written regarding the sound-producing mechanism, espe- 
cially by Coutiére (1899), Brooks and Herrick (1894), and Volz (1938). This 
mechanism consists of one disproportionately large hard appendage comparable to 
one of the large “claws” of the lobster. Figure 4 shows an enlarged drawing of 
the snapping claw of Crangon californiensis, a vigorous snapper (cf. Fig. 2). 


Ficure 4. Crangon californiensis. Snapping mechanism. A, Snapper open; B, Snapper closed 
—A, palm; B, suckers; c, movable finger; p, plunger; E£, socket; F, thumb. 


In some species, the snapping claw is nearly as large as the body of the animal, 
giving ample room for development of strong snapping muscles. A movable hard 
“finger” (C) is jointed near the outer end of the “palm” (a) of the claw forming 
a forceps-like arrangement with the immovable “thumb” (F). On the inner side 
of the finger is a plunger-like structure (D) which fits into a socket (£) in the 
thumb. Leading forward from the socket is a groove through which the water 
escapes when the plunger is suddenly forced into the hollow. When the finger is 
raised, the plunger is withdrawn from the socket, and it has been held by some 
early observers that the noise is produced by this action, similar to the “pop” 
heard when a cork is suddenly pulled out of a bottle (Wood-Mason, 1878). The 
biological function of the plunger-socket arrangement, however, is the production 
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not of sound, but of the water jet mentioned above. It may aid, also, in preventing 
dislocation of the finger when it is violently snapped. 

The plunger-socket device is present in both Crangon and Synalpheus. In all 
species of Crangon, there is also a “sucking” disc on the outer side of the finger 
near its point of attachment (Fig. 4a). When the finger is fully raised, this disc 
contacts precisely a similar disc on the palm so that the two are firmly in contact 
when the finger is in position to snap. These suckers serve as a trigger to hold the 
finger back, and extra muscular tension must be exerted in breaking the contact. 
This in turn increases the force of the impact. The suckers are absent in 
Synalpheus, but in the same relative position there are smooth surfaces that contact 
perfectly. These surfaces probably serve the same purpose as the suckers. That 
the suckers on the claw of Crangon do serve as a restraining trigger is readily 
demonstrated. When the finger of a dead specimen is forced back to its fullest 
extent, it is held there so firmly that some force is needed to break the contact. 
This was demonstrated even in a specimen that had been preserved in formaldehyde 
for several months. 

The precise way in which the sound is produced is still a matter of some doubt. 
The best explanation appears to be that the sound is produced by impact as the 
movable finger strikes a glancing blow on the opposing tip of the thumb. The 
tips of these structures are either very heavily calcified as in many species of 
Crangon, or are tipped with a heavy formation of chitin as in Synalpheus locking- 
toni. 

In a painstaking investigation of Crangon dentipes and Synalpheus laevimanus 
of the Mediterranean, Volz (1938) found a small chitinous ridge at the inner upper 
margin and back wall of the socket. This ridge, he concluded, is part of a breaking 
device which incidentally aids in producing the sound when it is struck by the 
plunger as it forcibly enters the socket. 

It is of passing interest to note that the snapping claw may be either right or 
left ; if it is lost through injury the inconvenience is only temporary, because a new 
one is promptly grown in the first or second moulting when the shrimp sheds its 
old shell. In this process of renewal, however, the original large claw is replaced 
by a small one, while the former small pinching claw is enlarged and becomes the 
new snapping claw (Wilson, 1903). 


Type of habitat and crackling areas 


The species of Crangon and Synalpheus are bottom-living animals living mainly 
below zero tide level and, though capable of swimming, they rarely do so in the 
adult stage. They are notably secretive and demand ready-made or easily main- 
tained burrows. Hence, they seek concealment in crevices and holes provided by 
coral, stones, shells, calcaréous algae, and other solid objects. It has been demon- 
strated repeatedly by collectors that they live preponderantly on these bottom types. 
This habit renders collecting very difficult in most instances, especially when a 
dredge must be used. Hence the animals are far more abundant than generally 
realized. 

In the East Indies they are especially fond of bottoms covered by the calcareous 
alga Lithothamnion (de Man, 1916). They commonly live among the roots of eel 
grass and holdfasts of seaweeds and among mussels, barnacles, and other substantial 
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fouling organisms on wharf piles, etc. Some live in the channels and pores of 
living sponges. In many of these situations there can be heard a continuous 
fusillade of snapping. Where sound measurements have been made at old heavily- 
fouled piers, the spectrum level in the region of 3 to 10 kc has reached about 60 db 


above 0.0002 dyne/cm?. 


Ficure 5. Locations of series of stations occupied for sound level measurements across 
areas ecologically favorable to snapping shrimp. The number adjacent to each station is the 
average of the 10, 15, and 20 ke spectrum levels. 


Snapping shrimp do not normally live in any significant numbers on extensive 
sand or mud bottoms without some sheltering materials. However, some species 
(for example, Crangon californiensis), tolerate muddy conditions among eel grass, 
etc., and have been dredged with mud, particularly in harbors littered with solid 
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debris. Crackling is intensive in some of these situations. A European species, 
Crangon ruber, is said to be “not uncommon” on the mud bottom off Ram’s Head 
near Plymouth, England and in the Mediterranean. No information is available 
regarding the underwater sound produced by this species. 

The way in which the crackling noise increases over a habitat favorable to 
shrimp is indicated by Figures 5 and 6. Figure 5 shows some of the stations in 
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Ficure 6. Profiles of bottom at stations occupied in Figure 5 showing spectrum levels across 
shrimp beds. 


the San Diego area at which sound spectrum measurements were made under care- 
ful control. The number adjacent to each station is the average of the 10, 15, and 
20 ke spectrum levels. Water depths may be estimated from the depth contours. 
The bottom character here is well established.’ There is a clearly defined stretch 
of shale which is well honey-combed by abandoned mollusk borings in which the 
shrimp find retreats. Continuous with the shale is a less regular stretch of cobbles. 
Nearby is an isolated patch of boulders. Dredgings reveal all these to be popu- 
lated by shrimp in contrast to dredgings from the surrounding sand-mud and sandy 
areas of comparable depths. 


5 The assistance of Dr. F. P. Shepard in these studies is gratefully acknowledged. 





132 MARTIN W. JOHNSON, F. ALTON EVEREST, AND ROBERT W. YOUNG 


The sound levels between the cobbles and boulders are higher than would be 
expected over sand, but this apparently results from a combination of sound trans- 
mitted from both areas since the positions are well within the sound range of both. 

Specific traverses are indicated by AA’, BB’, CC’, DD’ in Figure 5. The cor- 
responding depth profiles (use left-hand scale) are given in Figure 6 along with 
the average 10, 15, 20 ke spectrum level (right-hand scale) at each station. 

These show how markedly the sound, in the frequency range 10-20 kc, rises 
in passing over the shrimp habitats. During low sea states, the transmitted 
shrimp sound is appreciable to a distance of over a mile from the boundary of 
the bed. 

Similar sound spectrum measurements were made at numerous shallow and 
deep water stations at widely scattered localities on the east Pacific coast, among 
the Pacific Islands * and along the west Atlantic coast and the Bahamas.’ A typical 
set of observations, from six stations off Barbers Point, Oahu Island, is given in 
Figure 7. The coral, algae, and shell bottom extends into deep water, yet the 
sound level falls off rapidly in depths greater than 30 fathoms, despite a bottom 
type favorable to shrimp. At the outermost station the shrimp noise presumably 
merged with the normal ambient water noise. 

An average 10, 15, 20 ke spectrum level of 30 db was arbitrarily chosen as a 
dividing point for sorting the observations, values greater than this being desig- 
nated “high” and those less as “low.” When the data from both the Pacific and 
Atlantic were studied with regard to bottom type, it was found that within 0-30 
fathoms about 80 per cent of the “high” levels were observed over bottom types 
favorable to shrimp. In contrast, about 90 per cent of the “low” sound levels 
(below 30 db) for this depth zone were over unfavorable bottom. In view of the 
difficulty of establishing precisely the character of the bottom over considerable 
areas, this correlation is surprisingly good. 


Depth distribution 


Data on hauls of snapping shrimp, taken at various depths, are scattered widely 
throughout the biological literature (de Man, 1916). Table I shows how 185 


TABLE I 


Distribution of 185 species of Crangon and Synalpheus reported from 5 depth zones 


Bottom depth Number of times Number of 
zone shrimp reported species 


0-30 fathoms 418 1 
30-70 101 
70-100 5 
100-250 14 

Over 250 7 


species of Crangon and Synalpheus have been reported as occurring in five depth 
zones. ‘The table includes only trawling and dredging collections from the bottom. 


6 Many of these field data were collected by W. E. Loomis of the Naval Ordnance Labora- 
tory during a survey in cooperation with that organization. 

7 These observations were made in cooperation with the Columbia University Division of 
War Research, Bureau of Ordnance and the Naval Ordnance Laboratory. 
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While most of the species are reported in 0-30 fathom water, it cannot be 
concluded that Table I gives the actual distribution, since it is not possible to 
know precisely how uniform the effort and efficiency of collecting have been in 
various zones. Presumably, it has been roughly comparable with respect to the 
number of hauls in the first two zones. This is supported by a summary of 3,483 
hauls by various expeditions that have contributed to the study of these animals. 
Among these expeditions are especially those of the USS “Albatross” (1883- 
1911), the “Siboga” (1899-1900), the “Percy Sladen” (1905), and the “John 
Murray” (1933-1934). An analysis shows that 17 per cent and 20 per cent of 
the hauls were taken respectively in the 0-30 fm. and 30-70 fm. zones. The re- 
mainder were in deeper water. Thus the table gives a fair idea of the depth 
distribution and indicates that the largest populations are in the 0-30 fathom zone. 

Acoustic data support this belief, for in water deeper than 30 fathoms the sound 
levels are low (except where sound is transmitted from nearby shrimp beds), even 
though the bottom type is favorable for shrimp, as in Figure 7. It is probable 
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Ficure 7. Sound observations from Barbers Pt., Oahu showing drop in spectrum level 
with depth of water and distance from shallow (less than 30 fm.) areas favorable to snapping 
shrimp. 


that the deeper ranging species have their maximum concentration in depths less 
than 30 fathoms, and that the typically deep water forms do not occur in sufficient 
concentrations to produce a continuous crackle like that heard in shallow water. 


Life history and its bearing on continuity of crackle 


The bedlam of crackling noise over a shrimp bed is never ending. This con- 
tinuity is correlated with the life history and stability of shrimp populations. The 
fertilized eggs of snapping shrimp are carried by the adult female until they hatch 
as free-swimming larvae about 4 mm. in length. After a period of drifting with 
the water currents, the larvae settle to the bottom and assume the structural char- 
acteristics and habits of the adults. No snapping is possible until this time. The 
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free-floating period serves to disperse the animals widely and they thrive after 
settling to the bottom where living conditions are favorable for adults. From 
what is known of a few species, there appears to be a long breeding season in low 
latitude waters. Gravid specimens have been found in all seasons at La Jolla. 
Near the higher latitudes the breeding season is probably shorter. 

The duration of life of the individual is not known, but adults collected at La 
Jolla, California, in December 1942, and January 1943, were still thriving in an 
aquarium after twenty-two months of captivity. These facts are mentioned be- 
cause the maintenance of overlapping generations is, no doubt, important in ex- 
plaining the seasonal continuity of the crackling sound. A short breeding season 
and a short span of life would result in a considerable variation of the adult 
population and this, in turn, would be expected to cause an appreciable seasonal 
variation in shrimp noises. No seasonal variation of this nature has yet been 
noticed. 

Observations have not revealed any swarming or migratory movements such 
as characterize many other marine animals during the breeding season, and this, 
too, is correlated with the small fluctuations in sound level. 

The snapping shrimp are gregarious to the extent that large numbers of a given 
species are found either in pairs or as solitary specimens in isolated retreats within 
the area. The occupants of these retreats make a noisy protest when an intruder 
approaches. Specimens have been observed to leave their burrows for short 
journeys in search of food, especially at night, but those under observation always 
returned to their respective retreats. These retreats in some instances were oc- 
cupied steadily by the same specimen for several months. Crangon californiensis 
showed a much stronger tendency to desert its burrow than did other local species 
observed. 

There is a small diurnal variation in shrimp noise. At night the levels are 2 
to 5 db higher than in the daytime. In addition, there is a slight peak in the 
noise level shortly before sunrise and after sunset. The effect is caused, probably, 
by increased activity of the shrimp at these times. In the laboratory tanks the 
shrimp appear to increase their search for food at night. This is also a well- 
known behavior among many other marine animals. Thus, the overall increased 
activity would lead to more irritation and more snapping. 

It should be noted that an increase in sound level of 3 db actually represents a 
two-fold increase in shrimp activity. 

Observations made so far have indicated no appreciable seasonal variation in 
shrimp noises. This is in agreement with the known stability of the adult popu- 
lation discussed above. This result may not apply near the edge of the shrimp 
belt, however, or at unusual localities inside the belt having large seasonal varia- 
tions in water temperature. 


Geographical range of shrimp correlated with distribution of crackle 


The species of Crangon and Synalpheus are confined to coastal or shallow 
water throughout the tropical and subtropical regions. This type of distribution 
is, no doubt, governed by water temperature, but precisely how this operates is 
not yet clear. In general, the 11° C. winter surface isotherm marks the approxi- 
mate northern and southern limits of their continuous range (Fig. 8). In Figure 
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8 this range is represented by the shaded area. The thermal control of distribu- 
tion must, however, be a complex one. It is not accomplished simply by the 
temperatures falling to or below this level during the winter. Certain critical 
periods of life such as spawning and larval development appear to require a con- 
siderable period of warmer temperatures, near or above 17° C. during the summer. 
The isolated populations lying outside of the 11° C. isotherms are probably gov- 
erned by favorable local conditions. Examples of this sort are seen at the north 
end of Honshu, near Vladivostok, and along the coast of Ireland. A comprehen- 
sive study of the literature giving the localities where snapping shrimp have been 
collected one or more times, shows them to be present in all tropical and subtropical 
locations where extensive surveys for crustacea have been made. In the strictly 
tropical and subtropical waters, the distribution of shrimp is believed, therefore, 
to be continuous within the areas where depth and type of bottom are favorable. 
This agrees with the available acoustic data from sound surveys made in various 
parts of the world. ’ 

There is but little quantitative information on geographical distribution. The 
animals are, as a rule, difficult to collect in representative numbers because of their 
habits of seeking retreats in hollows and crannies of rock, coral, etc. It seems 
clear, however, that the greatest number of individuals as well as species occur in 
tropical waters among coral and other reef organisms. The northern and southern 
boundaries of continuous distribution along the open coast are, no doubt, transition 
zones in which the populations become progressively sparser, but how wide these 
zones are is not known. However, the animals are known to be quite abundant 
at Beaufort, N. C. and at Monterey Bay, California, and listening tests in these 
areas reveal shrimp crackle to be pronounced, though spectrum measurements are 
not available. The region between Cape Lookout and Wimble Shoals on the 
east coast and the region of San Francisco on the west coast represent the border 
of distribution (Hay and Shore, 1916; Schmitt, 1921). Sparse crackle has been 
heard in these regions, but sound measurements fail to show the characteristic 
spectra of shrimp noises. Acoustically, there must be a certain minimum concen- 
tration of shrimp in a given area before the snapping sound can materially influence 
the reading of instruments which require an appreeiable time to respond. Sound 
measurements from latitude 9° S. to 33° N. indicate about the same levels over 
shrimp beds irrespective of latitude. 


BIOLOGICAL SOUNDS SIMILAR TO SHRIMP NOISE 


Among the known animals producing noises that may be confused with shrimp 
crackle or that may in a minor way contribute to the ambient noise are the 
following : 

Gonodactylus oerstedii (and no doubt other species of this genus), a crustacean 
generally known as “mantis shrimp” or “squillid,” makes a clicking sound when 
striking out with its claws. Like the snapping shrimp, this animal has a wide 
tropical distribution and lives in similar habitats. 

At least two species of the Coralliocars shrimp, C. graminea and C. wilsoni, 
are capable of snapping by means of a structure similar to that used by regular 
snapping shrimp. They are not known to be abundant and apparently have a 
geographic and habitat range falling within that of the snapping shrimp. 
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Typton. spongicola of the Mediterranean and Pontonia pinnae of East Africa 
are species of crustacea said to be capable of snapping. They are not considered 
numerous. 

The larger crabs such as Cancer and Portunus have been observed to make 
noises sounding like the individual crack produced by Crangon and Synalpheus, 
but the noise is incidental to the cracking of brittle shells of small clams, etc., for 
the food within the shell. Crackling from this source can, of course, be present 
only as long as shell food is being eaten. Other animals, including fishes, which 
occasionally crack shells for food would also fall into this category of incidental 
noise makers. To produce the volume of crackling that occurs continuously over 
shrimp beds would, however, very quickly exhaust all available shells. Hence 
cracking of shells is believed to be a very small contribution to the ambient noise. 

The trigger fish is said to be capable of making a clicking sound by means of 
the joints of some of the fin spines; the mackerel by means of its pharyngeal teeth. 

Populations of barnacles produce very weak crackling sounds, barely audible 
at very close range. Barnacles and perhaps other larger crustacea (preening their 
shells or feeding) appear to be the main cause of these very faint noises sometimes 
heard when the hydrophone is within a few feet of the shore in quiet waters north 
of the geographic range of snapping shrimp. 

In the Hawaiian area, a very troublesome raucous noise with a sharp high 
peak at 3 kc has been encountered. This has been called “evening noise” in view 
of its regular occurrence each evening between about 7:30 and 10:00 P.M. In 
one harbor, this caused a 10 db rise in overall level of the ambient noise during 
the evening hours. The origin of the noise was not determined, but the possi- 
bility of its being somehow associated with increased shrimp activity at a distant 
bed in the evening has been suggested. However, an obvious difference in char- 
acter between shrimp noise and “evening noise” militates against this explanation. 


CONCLUSIONS 


1. The sea is far more noisy, as a result of biological noises, than was commonly 
believed. 

2. The most widespread of the biological underwater sounds is a continuous 
high frequency crackle caused by snapping shrimp (Crangon and Synalpheus). 
The continuity of high magnitude sound produced by populations of these animals 
appears to have no counterpart in biological nature. 

3. All shallow water areas (0-30 fathoms) within the geographical range of 
Crangon and Synalpheus and with bottom conditions and temperatures favorable 
to these animals are likely to be noisy. 

4. The strongest components of shrimp noise are in the frequency range 2 
to 15 ke. 

5. The sound levels over snapping shrimp beds are usually 30 db higher than 
state 1 sea noise. 
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The conventional diagram of a typical cell shows the nucleus in a central location, 
but actually in many cases the nucleus does not occupy the exact geometrical center 
of the cell. The present paper deals with the mode of division of cells with excentric 
nuclei, especially in connection with the general theory of the mechanism of cell divi- 
sion proposed in a previous paper of this series (Dan, K., 1943b). 


REVIEW OF THE PROPOSED THEORY 


The salient features of the theory are as follows: (1) The asters of sea-urchin 
eggs are spiny spheres with numerous gel rays radiating out in all directions. (2) 
Cleavage is brought about as a result of the pushing apart of two such radiate spheres 
by the autonomous elongation of the spindle (Fig. 1). Applying this concept, a 
cell in the resting stage can be regarded as a mass of fluid cytoplasm contained in 
a gelated cortex. When two radiate gel spheres which have developed and reached 
their maximal size within this fluid cytoplasm are pushed apart by the spindle, 
the original fluid mass will be divided into two portions which are surrounded ex- 
ternally by the cortex and supported internally by the spiny spheres (Fig. 1). Ob- 
servations on adhering kaolin particles have shown that the surface of the furrow 
expands during the latter half of the division process (Dan, Yanagita and Sugiyama, 
1937; Dan, Dan and Yanagita, 1938). We can account for this expansion phase 
if we visualize a definite amount of fluid cytoplasm being divided by the above mech- 
anism. As the asters are pushed apart, the cortical layer covering the cleavage 
furrow will be sucked in between them and will show a linear stretching along the 
sides of the furrow. But actual observations have also shown that, at the beginning 
of the cleavage process, before the expansion phase, the furrow surface undergoes a 
phase of shrinkage. This initial shrinkage phase may be explained by two more de- 
tails of the division process. (3) The astral rays cross at the future cleavage plane 
(Fig. 1, Stage 2), and (4) the rays are anchored to the cortex of the cell. As was 
fully discussed in the previous paper (Dan, K., 1943b), the rays exert a traction 
effect upon the cortex of the egg and this effect causes the initial shrinkage, whereas 
the later expansion of the furrow surface is due to the suction effect mentioned 
above. Let us consider this more fully. If the underlying spindle elongates while 
the tips of the individual rays are attaching to the cortex, the loci along which the 
tips of the crossing rays will move are practically the same as the loci of the apices 
of triangles made by the crossing rays, the spindle (i.e., the base of the triangle) 
and a line connecting the tip of each ray with the astral center of the opposite blasto- 
mere. Such loci form a curve directed toward the base line and gradually approach- 
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Figure 1. Division of the eggs of Cerebratulus lacteus. Reproduction of Yatsu’s Text 
Figure C. Legends from Yatsu. “Five stages of the first cleavage, X 400. 1. Anaphase of the 
first cleavage mitosis. Crossing of rays, and the position of the spindle. Difference in distance 
between two centrioles at either end. 2. Telophase of the first cleavage mitosis. The centro- 
some has enlarged and been bent downwards. The crossing of rays has begun to loosen. A 
faint indication of fountain figure is seen at the pole regions. 3. Telophase; a vertical section 
through the poles and a centriole. Constriction has begun on both the animal and vegetative 
sides. Sheath spindle has been formed. Fountain figures at the poles of the spindle have be- 
come more distinct. 4. Telophase, a horizontal section through three centrioles (about the 
same stage as 3). Sheath spindle is very well formed. Centrosome has greatly enlarged. The 
distance between the rows of karyomeres is approximately the same as the original length of the 
spindle. 5. Late telophase (a vertical section). Sheath rays have been formed. Fountain 
figure in the equatorial rays.” 
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ing a vertical line bisecting the base (Fig. 2). As the triangles become less equi- 
lateral the curve becomes greater. On the contrary, if two astral rays meet ex- 
actly on the median plane an equilateral triangle is obtained and the locus of the apex 
coincides with the vertical line bisecting the base. Seven such loci are shown in 
Figure 2. As an example, if a pair of symmetrically crossing rays is considered, 
two unequilateral triangles which are mutually mirror images are obtained and their 
apices will converge toward the mid-line as the spindle elongates. This means that 
the surface included between the apices will be made to shrink. The situation is 
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Ficure 2. Loci of seven pairs of rays which meet end to end and which are attached to the 
cortex when the spindle elongates. The lower half of the figure shows the positions of the 
tips of the rays for seven different lengths of the spindle such as are indicated on the horizontal 
line. The upper half shows the same groups of points in terms of the surface. Notice that the 
rate of shrinkage of the surface is fast in the beginning and slow later, while the rate of the 
inward shift of the surface is slow at the beginning and fast toward the end. Note also that 
the wider the range of crossing of the rays, the greater is the rate of shrinkage. The inner- 
most position of the surface (S,S,) indicates that a complete division of the cell cannot be 
achieved by this mechanism alone. 


most clearly demonstrated by an experimental model, shown in Figure 3. Since 
both the traction effect of the astral rays and the suction effect in the cortical layer 
of the furrow are equally direct results of spindle elongation, there is no contradic- 
tion of the statement made under (2). 

Finally it must be considered how and when the traction effect is relayed over to 
the suction effect. To explain this another feature of the division figure must be 
examined. (5) A fountain-figured bending of the polar rays takes place (Fig. 1, 
Stages 3 and 4). If the rays were rigid and not pliable, as soon as the spindle 
elongated the suction effect would be felt at the cleavage plane and there would be 
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no time for the traction effect to play its role. But actually the rays are pliable. 
Therefore when the spindle elongates and pushes the asters against the polar sur- 
faces, the rays yield to the pressure and bend in a fountain figure. By this bending 
of the rays, the spindle elongation is not transmitted directly to the cell contour but 
is buffered. Once the bending of the polar rays reaches the maximal degree, how- 
ever, further lengthening of the spindle brings about the suction effect. Thus, even 
though the dynamic cause of cell division is single—namely, the spindle elongation— 
its effect on the cell surface involves two factors which come into play in succes- 





Ficure 3. A model imitating the initial shrinkage phase of a cell with a central spindle. 
Astral centers are represented by wooden wheels in which bamboo rods are firmly planted imi- 
tating astral rays, which, in turn, are tied to a rubber band simulating the cell membrane. A 
wooden bar which represents the spindle is also firmly fixed to each wheel, the bars from the 
two wheels overlapping in the spherical condition (4). The bars have small holes along their 
lengths so that they can be fixed in any desired length by putting a pin through these holes 
(B). In B, note (1) the flattening of the furrow regions, (2) the shrinkage of the furrow sur- 
face, (3) fountain-figured bending of the polar rays and (4) consequent stretching of the polar 
surface. Note also that (5) the spindle is straight after the elongation. 


sion. It may be pointed out in passing that the fountain-figured bending of the polar 
rays theoretically ought to bring about an expansion of the overlying surface (polar 
surface). Asa matter of fact, the polar surface does expand from the beginning of 
the cleavage process, in contradistinction to the furrow surface. 


THEORETICAL CONSIDERATION OF 1HE DIVISION MECHANISM OF CELLS WITH 
EXcCENTRIC NUCLEI! 


Returning to the division of cells with excentric nuclei, one might say that there 
are only two known facts which are widely accepted today. One is that the mitotic 
figures resulting from excentric nuclei are also situated excentrically in the cells. 
The other is that the cleavage furrow appears first at the side of the cell nearest to 
the excentric mitotic figure, later spreads around the two sides and finally com- 
pletes its circuit at the opposite side of the cell from that at which it was first formed 
(Ziegler, 1898). 
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In order to repeat the observations, the authors used the eggs of the sand-dollar, 
Astriclypeus manni. In these eggs the mitotic figures are excentric toward the 
animal pole, and the furrow starts to appear from there. The astral rays are much 
better defined than in other forms. They are clearly seen crossing all along the 
median plane despite the fact that the rays going to the animal hemisphere are 
shorter than those distributed in the vegetal hemisphere. When the cell bodies be- 
gin to elongate for cleavage, the polar fountain figures of the rays are also seen 
quite definitely. Let us see if these division features of an excentric egg can be 
harmonized with the concepts of the proposed theory. 

In the first place it might be anticipated that the furrow would appear earlier at 
the side nearer the mitotic figure (the animal pole in Astriclypeus), because, during 
the initial stage of cleavage when the rays are crossing, for a given elongation of 
the spindle the tips of the shorter rays would be pulled in more than those of the 
longer rays. Later, after the crossing of the rays is dissociated, a wider gap would 
form between the parts of the asters with shorter rays than between those with 
longer rays, resulting in a deeper furrow in the region of the shorter rays. So far 
the concepts are quite adequate, although they were originated to explain the division 
of eggs with centrally located nuclei. Let us repeat them: The asters are spiny gel 
spheres and cleavage is the consequence of their separation by the elongation of the 
spindle. 

There is, however, a contradiction. For if an excentric spindle simply elongates 
in the ordinary fashion, even though the furrow forms earlier on the side where the 
rays are shorter, by the time cleavage is nearly completed the blastomeres ought to 
assume the shape shown in Figure 4. Since this never happens in actual cleavage, 
some other factor must be operating. 


Figure 4. The probable shape of the blastomeres if an excentric spindle should simply elongate 
without bending. 


Perhaps another model, this time one with the spindle and astral centers located 
above the middle of the egg, will help to explain this factor (Fig. 5, A). If the 
asters are pushed apart and their positions fixed by putting a pin through the holes 
in the bars representing the spindle, these automatically form an angle (Fig. 5, B). 
Since no special rotating force is being applied under this circumstance, the flex- 
ion of the “spindle” must be the direct result of the simple separation of the “asters.” 
If this model-experiment conveys a correct picture, it leads directly to the suggestion 
that the spindle may be bending during the cleavage of Astriclypeus eggs. 

In the model, the mechanical force causing the flexion of the bars is very easy 
to understand. The tips of the rays (bamboo rods) are attached to the cortex 
(rubber band). Therefore, when the astral centers are pushed away from each 
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other by a given distance, the tips of the rays are left behind by that distance in 
relation to the astral centers. Under such a circumstance, the shorter rays have to 
rotate through larger angles than the longer rays in order to cover the shifted dis- 
tance. This difference between the rotating angles of the rays of the two sides 
will work, in the net result, so as to rotate the whole aster in the direction of the 
shorter rays, provided that the aster is rigid and can maintain a constant shape. 
In the model, these rotations naturally force the two bars, each attaching to one 
“aster,” to make an angle between them. 





Ficure 5. A model similar to that shown in Figure 3, except that the spindle and the 
astral centers are made excentric (4). In B, after separating the astral centers and fixing their 
positions by putting a pin through the holes in the bars, note the following points: (1) The 
fountain figure of the polar rays is obscured and the majority of the rays turn in the same 
direction in a vortex configuration (compare with Fig. 3B). (2) The innermost pair of the 
crossing rays at the upper pole is practically straight while that of the lower pole is clearly 
bending and finally (3) the spindle is flexed in the middle. 


The model, however, still cannot imitate the expansion phase, because, being 
two-dimensional, it cannot take care of the factor of the constancy of the cell volume. 
But, a priori, since the furrow surface is sucked into the gap between the two asters 
in the expansion stage, the rotation effect will be more emphasized: viz., during the 
expansion phase of actual cell cleavage, the spindle will bend more acutely, to such 
an extent that it will even tend to tear open the vegetal region, forming the furrow. 
It must be pointed out here that in order to allow the free rotation of the two asters 
around their excentric centers, the volume of the cells would have to be increased, 
as can be judged from Figure 6. If the volume of the cell were kept constant, the 
rotation of absolutely rigid asters would be impossible. The fountain-figured bend- 
ing of the polar rays is also quite significant in this connection, as it makes possible 
astral rotation within cytoplasm of a constant volume. 


SPINDLE BENDING IN ASTRICLYPEUS EGGS 


The next step was to determine whether the spindle is actually bending in the 
Astriclypeus. eggs. Even a hasty examination was enough to confirm this fact. 
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On further investigation, it came to the authors’ notice that though the degree of 
excentricity of the mitotic figure is fairly constant within a single batch of eggs, it 
varies somewhat among different batches, and the acuteness of the spindle bending 
is proportional to the degree of its excentricity. In speaking about the degree of 
excentricity, in order that the statement be accurate, the eggs must be observed 
strictly from the side. Naturally, the cases with extremely excentric spindles are 
most convenient for analysis. In Figure 7 are given tracings of micro-photographs 
showing the mode of cleavage and the conditions of ray bending. Purposely, in the 
first and the last drawings of Figure 7, eggs with less excentric spindles are shown, 
while the second to the sixth are successive stages in the cleavage of a single egg 
with an extremely excentric spindle. In diagrammatization, however, the results 
of many other observations were taken into consideration. 





Figure 6. The hypothetical result of the simple rotation of asters around their. excentric 
centers, as the result of the shrinkage of the upper pole. Notice the opening of the lower side 
accompanied by the stretching of the surface there and the bulging of the lower contour. In 
the actual cell division, such a perfectly free rotation is prevented because the cell volume is 
kept constant. But the rotation is allowed within a limit corresponding to the degree of bend- 
ing of the polar rays. 


In the first drawing, aPtar'as could be judged from observation on living ma- 
terial and photographs, the astral rays and the spindle are both straight. (Re- 
member that this is a case with less excentric spindle.) Theoretically, in this stage, 
the rotation of the aster must have begun, but this could not be ascertained, pre- 
sumably because of its slightness. In the second drawing (an extreme case), the 
animal furrow is decidedly in the expansion phase. At this stage, two fan-shaped 
areas appear, one on each side of the cleavage furrow, in which the rays seem to be 
fewer than in other parts so that these regions are slightly more transparent and 


1In order to obtain a strict side view of an egg, one takes advantage of the fact that the 
spindle excentricity is exceedingly constant within one batch. On surveying a culture of eggs 
with a medium magnification, one can easily get the idea of the maximum excentricity of the 
spindle as far as that particular batch is concerned. Such maximal cases must represent a full 
side view of the egg. 
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relatively bright. Since the authors were at first skeptical about this fact, special 
attention was paid to this point, but numerous observations only served to confirm 
it. According to the authors’ interpretation, the appearance of the fan-shaped area 
is probably due to the fact that as the furrow begins to be drawn in by the suction 
effect, the formerly crossing rays are caught by the furrow constriction. Then in 
the fan-shaped portion just behind the furrow tip, the rays will become relatively 
sparse. This bundling of the equatorial rays by the furrow must certainly be the 
beginning of the formation of the so-called sheath rays, described by Yatsu in 
Cerebratulus eggs: “One striking feature of this stage is the formation of the sheath 
rays around the spindle, due to the fusion of the equatorial rays and a part of the 
intermediate rays. The spindle shaped sheath rays seem to occur in a good many 
forms” (Yatsu, 1909, p. 387). Simultaneously with the appearance of the fan- 
shaped area, the bending of the spindle becomes noticeable. 

At the same time, two other changes are taking place in the curvature of the 
astral rays. One is the bending of the vegetal crossing rays. .Among regularly 
dividing cells, the rays are straight while they are crossing, for they are supposed 
to be exerting traction force. Therefore, the bending of these vegetal crossing rays 
deserves especial attention (see Fig. 5). The other change is the curvature of the 
rays lying in the sector between the fan-shaped area and the spindle polar region. 
These rays, which have been either straight or bending in a fountain figure (see the 
right blastomere of the second drawing), now start to bend in unison into the same 
direction as the vegetal crossing rays, so that the rays of the whole aster display a 
beautiful vortical configuration (see the left blastomere of the second drawing). 
These changes in the way of bending of the rays can best be explained by thinking 
that the asters have been twisted around their centers, In the third drawing, the 
sheath ray formation on the animal side, the spindle bending and the vortex figure 
all advance in degree and the vegetal crossing rays have almost been drawn apart. 
This drawing is of particular interest in two senses. One is that it shows the vege- 
tal half of the egg actually being torn apart by the twist. The other is that it almost 
coincides with a drawing of Conklin’s of the egg of Cynthia partita (Conklin, 1905; 
Pl. VII, Fig. 100). In the fourth stage, the furrow on the animal side has almost 
reached the spindle and the sheath rays there begin to show a tendency to return to 
their original positions. On the vegetal side, two fan-shaped areas can be recognized, 
indicating that sheath ray formation has begun there also. Moreover, the formerly 


single egg. The spindle of this egg is more excentric than that of the first drawing. The 
seventh drawing is an example of an egg with a far less excentric spindle. Drawing 1, rays 
are practically straight. Theoretically the asters must have begun to rotate, but this cannot 
definitely be ascertained. Drawing 2, note the appearance of the fan-shaped clear areas on both 
sides of the animal furrow in the expansion phase; sheath ray formation; the bending of the 
vegetal crossing rays; the slight sign of spindle bending. Drawing 3, further development of 
the fan-shaped bright portion; advance in the spindle bending and dissociation of the crossing 
rays of the vegetal side. Note also the vortex configuration of the rays. Drawing 4, approxi- 
mate contact of the animal furrow with the spindle and the tendency of the rays of the animal 
side to return to a straight condition. Appearance of the fan-shaped areas on the vegetal side. 
Drawing 5, last moment of division. Disappearance of the fan-shaped areas and definite bend- 
ing of the spindle. Drawing 6, interkinetic stage. Bending of the vegetal rays in the opposite 
direction (divergent bending). Drawing 7, division of a cell with less excentric spindle. 
Notice usual fountain figure of the rays instead of the vortex configuration and apparent 
straightness of the spindle. 
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bent vegetal rays seem to have returned to a straight condition. But judging from 
the fact that the rays on the animal side still retain the same curvature as in the 
previous stage, this straightening of the vegetal rays may have been induced by the 
change in the shape of the aster itself. 

In the fifth drawing, the cleavage is almost complete and all the rays, including 
the former sheath rays, are returning to a straight condition. At this stage, the 
spindle forms an obtuse angle with its apex directed toward the vegetal pole. The 
sixth drawing shows the egg in the interkinetic stage. Now the vegetal rays are 
turning in the opposite direction and new fan-shaped, ray-free areas appear adjacent 
to the now bent spindle. In Yatsu’s last drawing, this kind of bending is seen in the 
rays of the animal side. This post-cleavage bending is what the senior author called 
“divergent bending” in the previous paper (Dan, K., 1943b), and it is considered 
to be an indication of the formation of the new surface (see also Dan and Dan, 
1940). 

In the seventh drawing, the condition within an egg whose spindle is not so 
excentric is illustrated. Here no vortex configuration is attained and the seemingly 
straight spindle and the usual fountain figure of the polar rays are seen as in 
Cerebratulus eggs. In this latter form, the spindle is not so excentric and its bend- 
ing, consequently, becomes apparent only in much later stages, as can be judged by 
Yatsu’s figure. 

These observations on the eggs of Astriclypeus with extremely excentric spindles 
help to elucidate the intrinsic mechanism of spindle bending. It seems almost cer- 
tain that the causative force of spindle bending is derived from the advancing animal 
furrow and transmitted by the sheath rays to the astral centers which, in turn, im- 
part it to the spindle. But since the advance of the furrow is, itself, nothing but the 
result of the pushing apart of the two asters by the elongating spindle, an interest- 
ing cycle is seen. Thus it can be said that the causative force of spindle bending 
comes from the spindle’s own elongation. 

It must be emphasized that the fundamental situation is not at all different from 
that of typical cleavage. In both cases, sheath ray formation occurs. But in typical 
cleavage, since the inward pressure which produces sheath ray formation occurs at 
both the animal and vegetal sides simultaneously, the two effects cancel each other. 
In the heart-shaped cleavage, the pressure begins at the animal side and for a short 
time there is nothing to counteract it on the vegetal side. During this time the 
elongating spindle will encounter resistance on one side only, and will become con- 
cave toward that side. ‘ 

Two other important facts are patent in these observations. One is that the 
connection between the aster and the spindle is an unexpectedly firm one. There is 
a striking correlation between the degree of astral rotation and the degree of spindle 
bending. If this junction were loose, the aster might rotate more, but the spindle 
could not be bent at all. The second fact is that the spindle must have a certain de- 
gree of rigidity, since it can be bent by applying forces at its two ends. The present 
data give further, and more decisive, support to the possibility postulated by K. Dan 
(1943a). 

Lastly, it must be pointed out that although the model experiment helped to 
reveal the mechanism of spindle bending, the spindle bending during the shrinkage 
phase shown by the model could not be demonstrated within the living cell. In 
actual observation, the sheath ray formation is always seen as the direct impetus for 
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spindle bending. Then is it permissible to apply this idea, obtained from a model, 
to actual cells? 


THE EFFect oF ASTRAL ROTATION ON SURFACE BEHAVIOR 


In the foregoing sections, it was argued from the model experiment that the cause 
of astral rotation lies in the difference in length of the astral rays on the two sides of 
an aster. If this is so, the rotation of the aster must be occurring from the very 
beginning of-the cleavage process. Although the observations of the bending of 
the rays and of the spindle, such as were reported in the previous section, are quite 
decisive, they can be applied with certainty only to the expansion phase in which the 
sheath ray formation becomes evident. 

For information on the early part of the cleavage process it was thought that a 
study of surface behavior might be used to establish some unmistakable evidence of 
astral rotation. Here the kaolin method and its geometrical analysis were employed 
again. The purpose of the analysis was to test whether or not the furrow formation 
is really due to the traction effect of the crossing rays. The procedure was to make 
a sketch of an egg in the spherical condition on which the positions of the kaolin 
particles and of the astral centers were recorded. From this sketch, the lengths 
of the crossing rays could be obtained. Once these lengths were fixed, given the 
spindle length of each stage, the theoretical positions of the particles could be ob- 
tained for later cleavage stages. These theoretical positions of the particles could 
then be compared with their observed positions. If the authors’ postulates be cor- 
rect two conditions follow: (1) The theoretical positions of the particles ought to 
fall on the sketched contour of the cleavage furrow because the surface is being 
pulled in by the rays during the shrinkage phase and (2) the degree of shrinkage in’ 
the distance between the two theoretical points ought to agree with that of the 
observed particle-distance as long as the particle-distance coincides with the real 
crossing range of the rays. In the previous paper of this series, it was shown that 
the above propositions satisfactorily hold in actual cases (Dan, K., 1943b; Figs. 6 
and 7, Table III). But it must be stressed that even when the second condition 
fails, the first condition proves to be true as long as the deviation between the ac- 
tual particle-distance and the crossing range is not too great. This means that the 
second proposition is a stricter test for the hypothesis than the first one. However, 
in order to apply the second proposition properly, the painstaking accumulation of 
many readings is necessary to map out beforehand the actual range of crossing of 
the rays (see Dan, K., 1943b; Fig. 8). On the contrary, the first proposition, al- 
though it is less sensitive, is convenient and quite satisfactory as a qualitative test. 
When the suction force develops and the crossing rays are pulled apart, the inter- 
section points (apices of the triangles) begin’ to fall outside the contour of the 
cleavage furrow. The time at which the Antersection points begin to deviate is 
always simultaneous with the onset of the expansion phase. 

Now let us see how the surface of Astriclypeus eggs behaves in the kaolin experi- 
ment. The method has been used on these eggs previously (Dan, Dan and Yana- 
gita, 1938) but the present observations are especially concerned with eggs con- 
taining extremely excentric nuclei. Two sets of the records for the qualitative test 
are given in Figures 8 and 9 and Table I. As for the animal furrow, in the egg 
shown in Figure 8, the expansion phase sets in at the fifth stage and at this very 
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Ficure 8. Successive camera lucida drawings of a cleaving Astriclypeus egg with the re- 
corded positions of kaolin particles (ww) and astral centers (OO). In the spherical condition 
(first drawing), the two particles at the animal pole and at the vegetal pole respectively are 
connected to the astral centers by four hypothetical rays (which, however, are omitted from 
the figures). In succeeding drawings, by using the sets of four lines obtained in the first draw- 
ing as radii and taking the astral centers of successive stages as centers, two intersection points 

















CELL SURFACE DURING CLEAVAGE. VII 51 
stage, the intersection points start to deviate from the contour. In the egg shown 
in Figure 9, this happens at the sixth stage and the coincidence between the onset 
of the expansion phase and the initiation of the deviation of the intersection points 
from the contour is again unfailing. As far as the vegetal-furrow is concerned, in 
the egg of Figure 8, the particle-distance follows a zig-zag course: 100.0%-97.9%- 
111.4%-96.9%-104.1%. At the sixth stage, the value jumps to 121.8% which is 
followed by a further rise. Therefore, the sixth stage can be considered as the 
beginning of the expansion phase. In the egg of Figure 9, although the course of 
change is more gradual, the same tendency is unmistakably recognizable: 100.0%-— 
104.0%—103.0%-—104.3%-104.6%—100.0%-100.3%. At the eighth stage, the value 
goes up to 115.2% and the intersection points begin to fall outside the furrow con- 
tour. These examples@ndicate that in eggs with extremely excentric spindles, the 
initial shrinkage effect is so obscured at the vegetal side that the term “shrinkage 
phase” is no longer appropriate. For this reason, in the present paper, the term 
“fluctuation phase” will tentatively be used. But a rather surprising fact is that 
in Figure 8 the intersection points coincide well with the traced cell contour during 
this fluctuation phase. In Figure 9, the intersection points do not at least go out- 
side the drawings until the end of the fluctuation phase. From these facts, it 
seems permissible to conclude that at both poles of the cleaving Astriclypeus eggs, 
fundamentally the same divigion mechanism is at work. 

Then why is this expressed as shrinkage at the animal side and.alternate shrink- 
age and expansion at the vegetal side? It may be due to the rotation of the asters. 
It was suggested in the foregoing section that when the two asters rotate so that 
their animal hemispheres converge, the vegetal furrow must tend to be torn open. 
In reality, the situation may be somewhat more complicated. While the aSters turn, 
if the tips of the crossing rays can retain their attachment to the*cortex, the vegetal 
surface may be made to shrink more thaf#When the rotation is absent. But if these 
rays pull loose from the cortex and tke asters become free to rotate, they may stretch 
the surface between them on rotation as is diagrammatically shown in Figure 6. 
If the rays pull loose in séveral steps strinkage and expansion will alternate. 

Another point whichis rather peculiar is the shift of the intersection points to 
the inside of the cells in the drawings, a form of behavior which has never been met 
with in regularly dividing cells. For example, in Figure '9, during the fluctuation 
phase of the vegetal furrow which lasts for seven stages, the intersection points fall 
inside the cells at two different times including four, stages. Stage 3 and stage 5 of 
Figure 9 are of special interest. In those two stages, the animal furrow being still 
in the shrinkage phase, the intersection points of that side are coinciding with the 
contour. As long as the intersection points*of the animal side are coinciding with 
the contour, one is provided with a guarantee that no error is involved in the re- 
cording of the positions of the astral centers. Yet the vegetaltintersection points 
fall inside the drawing. This shows that the inward shifting of the vegetal inter- 
section points is not an error but represents something which is actually happening 


(XX) are found for each pole. The percentage changes of the observed particle-distance (P) 
and of the theoretical distance between the two intersection points (D) are given in Table I to- 
gether with the time of recording. Note that during the shrinkage phase of the animal pole 
(from the Ist to the 4th stage) and the fluctuation phase of the vegetal pole (from the Ist 
to the 5th stage), the intersection points fall on the egg contour. 
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in Astriclypeus eggs. There are two suggestions as to its identity. One is spindle 
bending. Since the bent spindle is convex toward the vegetal pole, it may push 
out the contour of the vegetal furrow. The other is that when the asters rotate 
around their excentric centers, pulling loose their crossing rays, the vegetal con- 
tour may bulge out as is indicated in Figure 6. At any rate, the astral rotation may 
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Ficure 9. Another example of the geometrical analysis of an egg with extremely excentric 
spindle.. The shrinkage stage of the animal pole lasts for five stages and the fluctuation of the 
vegetal pole ends at the seventh stage. Note that the vegetal intersection points are sometimes 


inside the contours. 
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Ficure 10. Geometrical analysis of an egg with a less excentric spindle. Both the animal 
and the vegetal poles undergo a shrinkage. The vegetal intersection points are inside the draw- 
ings at the seventh and the eighth stages with bent spindles. 
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offer the best single explanation for both the fluctuation phase and the inward shift 
of the vegetal intersection points. 

In the second paper of this series, the authors (Dan, Dan and Yanagita, 1938) 
handled the data of the kaolin experiments on the eggs of this sand-dollar as if there 
was no qualitative difference between the behaviors of the two poles of the cell. 
Even though they are sure that this omission did not affect the conclusion of that 
paper materially since they were not limiting themselves to the extremely ex- 
centric cases, they wish to make this point clear. 

Finally, the eggs with less excentric spindles must be examined. In one sense, 
this test is very important because in eggs with less excentric spindles, their bending 
can be noticed only in a very late stage of the cleavage process. The data are given 
in Figure 10 and Table II. As can be seen from the table, the particle-distance on 
the animal furrow reaches its minimum at the fourth stage. Until this time, the 
intersection points remain on the contour. The vegetal furrow, in this case, under- 
goes a shrinkage similar to other examples reported in the previous paper. In this 
particular case, the vegetal furrow remained in the shrinkage phase for an exception- 
ally long time, i.e., until the eighth stage. Yet the intersection points stay on the 
contour through this period, except the seventh and the eighth stages where the 
vegetal intersection points are inside the contours concurrent with the onset of spindle 
bending. On closer examination of Table II, however, it will be noticed that the 
degree of shrinkage is much less for the vegetal furrow (minimum—81.9%) than 
for the animal furrow (minimum—58.5%). Is this, then, due to the pulling loose 
of vegetal rays as a result of astral rotation? Here, the stricter test—i.e., the 
numerical fit between the theoretical and observed degrees of shrinkage—must be 
resorted to. It was pointed out that these figures coincide only when the positions 
of the kaolin particles fall exactly at the tips of the crossing rays. This occurs 
purely by chance. But if numerous records are examined, such cases will inevitably 
be met with. This is true with the animal pole of the Astriclypeus eggs as shown 
in Table III and Figure 11. 

On the contrary, for the vegetal furrow, no case of an exact fit has been found 
in the entire mass of records. In every case, the degree of the observed shrinkage 
was far less than that of the theoretical shrinkage, no matter how small a particle- 
distance was chosen. (When a particle-distance is wider than the actual crossing 
range, the observed degree of shrinkage becomes less than that of the theoretical 
shrinkage (consult Figure 2).) The case given in Figure 10 and Table II well 


exemplifies the situation. This is decisive enough evidence that the asters must 








[I] 


An example of a nearly perfect fit between the observed (P) and the theoretical (D) degrees 
of shrinkage at the animal furrow of the Astriclypeus egg (see Fig. 11). 


TABLE 











Stage i 2 3 4 5 6 
Time of recording 0” 2'05” 3’10” 4'00” 6’25” 655” 
Observed shrinkage P=100.0 | P=93.0 | P=89.5 | P=83.7 P=73.2 | P=131.3 
Theoretical shrinkage D=100.0 | D=96.5 | D=88.3 | D=81.3 | D=69.8 | D= 58.1 
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be rotating also in the eggs with less excentric spindles where the early detection of 
spindle bending is difficult. 

In short, the above result indicates that in the early stages of cleavage of the 
cases of less excentric spindles, the asters are rotating although spindle bending is 
not detectable. This may mean that while, as was pointed out above, the connection 
between the spindle tip and the astral center is surprisingly firm, it is not absolutely 
rigid and a certain degree of astral rotation may be induced by the pressure of the 
furrow on the sheath rays before the spindle is noticeably affected. 


SPINDLE BENDING IN OTHER ForMsS 


The bending of the spindle in Astriclypeus has been discussed and is shown 
diagrammatically in Figure 7. Other observations of spindle bending are not 
scanty in the literature. Yatsu’s last drawing clearly illustrates it for Cerebratulus. 
Among other egg cells, Conklin (1902) shows many drawings of spindle bending in 


Ficure 11. Sketch of the egg, the data of which are given in Table III, showing the range of 
crossing of the rays at the animal pole. 


Crepidula eggs (Plate III, Figs. 60, 61; Plate V, Figs. 80, 81), Kuhn (1913) re- 
ported it in the summer eggs of Polyphemus (Fig. 15) and Rhumbler (1901) in 
the eggs of Rhabdonema (?). From both the drawings and the original texts of 
these reports, it is evident that the spindles lie excentrically in all cases. 

Examples of spindle bending are also found among male sex cells. Wilson takes 
up this subject in his book (1925, p. 140) in connection with the division of the 
spermatogonia of the grasshopper, Rhomaleum. Among recent workers, Sato 
(1940) touches this point in the spermatogonia (Figs. 18, 48) and the spermatocytes 
(Figs. 20, 50) of the scorpion, Buthus martensu, and he discusses it as a possible 
cause of the rosette arrangement of these cells within their cysts. He kindly in- 
formed the authors in a personal communication that, in these cases, the position of 
the resting nucleus and subsequently of the spindle is excentric. He also asserted 
that the bending of the spindle is not due to a lack of space within the cyst. From 
the above references, the authors believe there is enough evidence to support the 
proposition that spindles bend whenever they occur excentrically in cell bodies. As 
a matter of fact, once aware of this situation, careful observation can frequently 
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catch slight bending of the spindle even in the so-called “regularly dividing” sea- 
urchin eggs, in batches in which the spindle lies more or less off the geometrical 
center of the cell (see Fry, 1937; Figs. 1-5). Another fact of special importance is 
that some of the investigations cited above include figures of spindle bending which 
occur well before a cleavage furrow is formed, thus definitely eliminating the pos- 
sibility that the spindle is passively bent inward by the advancing cleavage furrow. 


ARTIFICIAL INDUCTION OF SPINDLE BENDING 


The foregoing analysis furnishes evidence that the cause of spindle bending 
is an unbalanced condition of the mechanical strains between the animal and vegetal 
sides of the spindle. If such is the case, by experimentally causing a similar un- 
balanced condition of force, it should be possible to induce spindle bending in a ma- 
terial in which it is not seen normally. This is achieved by the use of ether. The 
eggs of any kind of echinoid which normally divide in a symmetrical fashion can be 
used. The eggs are fertilized and a short time before the first cleavage is due, the 
surrounding sea-water is changed to an ether-sea-water mixture (0.6% by volume). 





Figure 13. Reproduction of Yatsu’s Figures 22 and 23 of a Cerebratulus egg, whose pre- 
vious mitoses were inhibited by compression, about to cleave into four binucleate cells. The 
bending of the spindle is clearly shown. 


In ether, even though the nuclear division takes place, the cytoplasmic division is 
suppressed and binucleated cells are obtained (Wilson, 1901). If these eggs are 
later washed free from ether, at the second cleavage, two spindles are formed side 
by side. Under this circumstance, the cleavage furrow appears in a plane at 
right angles to these spindles and two binucleate cells result. As the furrow con- 
stricts the cell, each of the two parallel spindles will obviously be cut by the fur- 
row only on its peripheral side. In the living condition, during the cleavage, two 
obtusely V-shaped spindles can be seen which, at the final stage, are held in con- 
tact at their apices, giving the form of an X. Sections of ether-treated Strongylo- 
centrotus eggs at the second division are shown in Figure 12. 

In the literature, Boveri (1910) sketched a bent spindle in an Ascaris egg, the 
cleavage furrow of which was suppressed on one side by centrifugation. Yatsu 
(1908), in his experiments on Cerebratulus eggs with a compressorium, shows 
clear figures of spindle bending in an egg which is dividing simultaneously into four 
binucleate cells, even though his interest in that paper is on other points. Two of 
his figures are shown in Figure 13. This example suggests that whenever a cell 
divides simultaneously into many cells, spindle bending must be involved. 
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DISCUSSION 


In the foregoing sections, the authors have tried to analyse the cause of the 
bending of excentric spindles, and they have attributed it to the unbalanced me- 
chanical resistance on the two sides of an elongating spindle resulting from its ex- 


Figure 12. Sections of an egg of Strongylocentrotus pulcherrimus in the second division, 
the first cleavage of which was suppressed by ether. Fixed in chrome-formol mixture, la and 1) 
are two successive sections of an egg showing two spindles and four asters (the slit in the 
middle of 1b is an artefact). Two is an egg cleaving into two binucleate cells with the bend- 
ing of the spindles. Three is another egg in a slightly later stage with sharply bent spindles, 
the spindles being much more vague in this case. 
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centricity. As far as the authors are aware, Gray is the only investigator who has 
tried to derive an explanation of this mode of division from a general theory on the 
division mechanism of regularly dividing cells. In discussing “astral cleavage” 
(Gray, 1931, pp. 201-202), he writes: “If the line joining the center of the two 
asters does not pass through a diameter of the egg by the time the astral rays reach 
one side of the egg, then the cleavage furrow develops first on that side, and only 
later (as the rays reach the opposite side of the equator) does the furrow develop on 
the other side. . . . That the irregularity of form and position of the asters is the 
cause and not the result of irregular cleavage is suggested by the fact that similarly 
irregular cleavages can be induced to occur in Echinus eggs by experimental means.” 

Although the authors readily support the latter part of his statement, they can- 
not help thinking that the mechanism he offers as the explanation for the formation 
of one-sided furrows is quite unsatisfactory. In the first place, his theory requires 
the existence of a stage in which the rays are reaching the nearer periphery but not 
the more distant side. This is quite contrary to the observed facts. It is obvious 
that the furrow formation starts with the elongation of the cell body only after the 
astral rays have filled up the cell interior. In the second place, even allowing the 
first requirement of Gray’s theory, the way in which the furrow appeared on the 
nearer side by his mechanism would not be the formation of a furrow in the real 
sense of the words but would rather be the bulging out of the two sides of the 
furrow. Consequently, at the completion of such cleavage, the egg should have 
made headway toward the animal side, causing the spindle to take a central position. 
This is utterly incompatible with the observed facts. 

A striking similarity between Astriclypeus and Cynthia eggs concerning spindle 
bending and the vortex configuration of the astral rays has been mentioned. How- 
ever, the real situation seems to be much more complicated. Conklin (1905) states 
that the cleavage furrow of the Ist division starts from the vegetal pole near which 
the clear protoplasm and the mitotic apparatus are lying excentrically (see Conklin, 
1905; Pl. II, Fig. 20). So far nothing contradicts the authors’ expectations. But 
he further says that when the spindle begins to bend, toward the end of this cleavage, 
it becomes convex toward the vegetal pole from whence the furrow first appeared 
(Pl. VII, Fig. 100). He moreover asserts that this is also true for the first cleav- 
age of Ciona intestinalis (P1. XI, Fig. 198). The direction of this bending is quite 
opposite to the one which can be expected from our theory. 

On the other hand, for the second and third cleavages, the direction of the 
spindle bending is exactly what we would anticipate. He writes: “In the second 
cleavage the constriction of the cell begins at the periphery or free surface and pro- 
ceeds inward through the cell body (figs. 104, 105). .. . and the middle of each 
spindle is bent in toward the center of the egg (fig. 105)” (p. 44). On page 46, he 
has another sentence to the same effect in connection with the first cleavage and with 
Figures 106, 107. A reexamination of ascidian egg cleavage is urgently needed. 

From what has been discussed concerning the cause of spindle bending, it 
might be concluded that spindle bending is impossible in ordinary plant cells in 
which neither astral rays nor cleavage furrows are found. In spite of this, there 
are cases in which spindle bending has been reported among plant cells. Professors 
Sinoto and Wada of the Botany Institute kindly informed the authors of two such 
cases. One is in the pollen mother cells of a haploid Triticum reported by Gaines 
and Aase (1926) and the other is in the pollen mother cells of hybrid offspring of 
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Triticum and Aegilops studied by Kihara and Lilienfeld (1932). The cause of such 
bending may be quite different from that among animal cells and it must probably 
be sought for in the intrinsic make-up of the spindle itself. 


The authors are happy to express their gratitude to Dr. Laura Hunter Colwin 
for her help in preparing this and the following manuscript, and to Dr. D. P. 
Costello and Dr. Daniel Mazia for their criticism and advice. 


SUMMARY 


1. Study was made of the cleavage of cells with excentric mitotic figures. 

2. In the division of such cells, (a) the cleavage furrow appears from the side 
of the cells nearest to the mitotic figure, (b) the asters rotate, causing the animal 
hemispheres to converge, and (c) the spindle bends, with the convex side directed 
toward the vegetal pole. 

3. This situation can be explained by thinking that the mechanical resistance for 
the elongating spindle is different in magnitude on its two sides as a result of the 
excentricity of the mitotic figure. 

4. The above situations can be artificially induced in materials which never show 
them normally, by producing a similar unbalanced resistance on the two sides of 
the spindle. 

5. Gray’s theory concerning the mechanism of the formation of one-sided cleav- 
age furrows is discussed. 
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BEHAVIOR OF THE CELL SURFACE DURING CLEAVAGE. 
ON THE CLEAVAGE OF MEDUSAN EGGS * 


VIIl. 


KATSUMA DAN AND JEAN CLARK DAN 


Misaki Marine Biological Station, Misaki, Kanagawa-ken and Zoology Department, Faculty 
of Science, Tokyo Imperial University, Tokyo 


Coelenterate eggs cleave characteristically with a one-sided advance of the fur- 
row on the animal side, in contrast to utter quiescence on the vegetal side... Around 
the beginning of the present century various theories were proposed to account for 
the mechanism of such division but they were highly hypothetical in nature, and 
failed to acquire much popularity. The present study, although admittedly pre- 
liminary in nature, is an attempt to clarify some aspects of the division of medusan 
eggs. 

In previous papers the authors have postulated that the primary cause of cleav- 
age is spindle elongation, both in regularly cleaving eggs such as those of the sea- 
urchin (Dan, 1943b) and also in cells with excentric nuclei (Dan and Dan, 1947). 
But in the asymmetrical furrow formation of eggs of the latter type, for example in 
the heart-shaped cleavage of Astriclypeus manni, there are secondary peculiarities 
not found in regular cleavage. The first is rotation of the asters about their centers, 
so that their respective animal hemispheres converge. This results from asym- 
metrical sheath ray formation, and can be detected by noting the change in direction 
of bending of the rays in successive stages of cleavage (Dan and Dan, 1947). The 
second peculiarity is the bending of the spindle, so that it becomes convex toward 
the vegetal pole. This is a direct result of the astral turning. Of course, such 
bending is possible only because the spindle itself is somewhat rigid, and the con- 
nections between the spindle tips and astral centers are firm. 

Now, among different batches of Astriclypeus eggs, the excentricity of the spindle 
varies and the degree of one-sidedness of the furrow varies correspondingly. An 
orderly arrangement of these eggs, from less to more excentric spindles, will form 
a series continuous with the mode of cleavage of medusan eggs (Fig. 1). This 
might mean that medusan cleavage simply represents an extreme case of heart- 
shaped cleavage. If so, astral rotation and spindle bending should also be found in 
medusan eggs. The following investigation will test these propositions. Moreover, 
a few points specific to the present material will be presented. 


*A part of this work was aided by a fund offered by the National Research Council of 
Japan, for which the authors’ deep thanks are due. 

1 Opinions differ as to which side of the medusan egg should be considered the animal pole. 
Ordinarily, the side at which the polar body is extruded and the cleavage furrow begins is 
called the animal pole. Schleip (1929) and Korschelt (1936), however, have adopted the 
opposite terminology. This is because the égg axis and the larval axis run in opposite di- 
rections among the Ctenophora. In order to avoid confusion, the terms “polar body pole” 
and “micromere pole” are sometimes used. In this paper, the term “animal pole” denotes the 
polar body pole and the term “vegetal pole” refers to the micromere pole, thus preserving a 
unity of expression throughout this series of papers. 
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Ficure 1. Comparison of the cleavage modi of sand-dollar eggs (Astriclypeus manni) and 
medusan eggs (Spitrocodon saltatrix). A-—D, cleavage of sand-dollar eggs arranged in order 
from less excentricity to more excentricity of the mitotic figure. EF, cleavage of the medusan 
egg. Note that these make a continuous series. 


The eggs of Spirocodon saltatrix, one of the Tubularioanthomedusae, are used 
throughout this work This medusa is quite abundant in the bays around the 
Misaki Station during the winter. The animals spawn on being put in the dark 





Pirate I. (a) Short time after fertilization. The egg pronucleus is vaguely visible at the 
extreme left side of the cell, which is the animal pole. (b) Conjugating pronuclei and the result- 
ing mitotic figure are invisible by the usual microscopic observation. (c) and (d) Beginning 
of furrow formation. (¢) Slightly more advanced stage. (f)—(j) Successive stages of cleavage 
of the same egg. (f) The spinning is not yet evident. (By this time, the fine protoplasmic 
processes must be coming out from the furrow surface; these are not visible unless observed 
under oil immersion.) (g) The amalgamation of the protoplasmic processes is partly com- 
pleted. (h) (i) (7) The amalgamation products spread between the blastomeres in a sheet, 
fastening the cells together. (k)-—(~) Views along the spindle axis. (k) (/) Initial stages of 
cleavage which roughly correspond to stage (e) of the side view. (m) More advanced stage. 
Note that the still uncleaved part between the blastomeres can be vaguely seen as a bright circle. 
{n) (0) (~) Successive stages of cleavage of a single egg. Notice that as the connecting bridge 
narrows down, the blastomeres round up. (q) View from above (animal pole). (7) View 
from below (vegetal pole). The smallest division of the scale is 104. 
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(Uchida, 1927). The reaction is particularly clear-cut if the animals have pre- 
viously been exposed to electric light. Around 10° C., the first cleavage takes place 
from 1% to 2 hours after putting them in the dark, depending upon the latent pe- 
riod for spawning. 

These eggs have absolutely no enveloping membrane in either the unfertilized or 
fertilized condition, as far as can be judged by microscopical observation. The egg 
pronucleus is clearly visible in the unfertilized condition and vaguely so during a 
short time after fertilization, taking an extremely excentric position within the egg 
(Plate Ia). But by the time syngamy approaches, it is lost from view (Plate Ib). 
When mitosis begins, the asters are discernible, although the rays are very faint and 
require oil immersion to be definitely distinguished (Plate II). For this reason, 
sectioning is necessary for detailed observation of the internal structures. When 
unfertilized eggs of Spirocodon are fixed in a chrome-formol mixture, the internal 
cytoplasm remains fairly homogeneous throughout the cell (Fig. 2; 1). But if 
eggs are fixed by the same mixture after fertilization, the peripheral cytoplasm as- 
sumes a coarsely vacuolar aspect (Fig. 2; 2,3,4,5). On the other hand, if fixed by 
osmium, the cytoplasm of fertilized eggs is homogeneous (Fig. 3). From the 
above facts, it can be assumed that the peripheral vacuoles of the chrome-formol- 
fixed eggs are artifacts. If fertilized eggs are over-stained by netttral red or by 
Nile blue sulphate, many large heavily stained vacuoles appear in the peripheral 
zone of the cells. Such over-stained cells have already lost the capacity to cleave. 


NorRMAL CLEAVAGE OF THE EGGs or SPIROCODON 


Since the asters of this egg cannot be seen with certainty unless oil immersion is 
used, it is rather difficult to anticipate the exact time of the onset of cleavage. Most 
observations, therefore, were started after a slight indication of furrow formation 
had been noted. This drawback was somewhat offset by the slowness of the ad- 
vance of the furrow. 

When the furrow deepens, the egg tends to come to lie on its side, with the 
egg axis parallel to the substratum. As for the changes in contour in the side views 
of these cells during cleavage, there is not much to add to what has been reported 
for other forms (Plate 1, > to 7). If viewed from other angles however, an interest- 
ing feature appears. Photographs of two views perpendicular to the side view and to 
each other are shown in Plate I, & to r. From these, it is clear that cleaving 
Spirocodon eggs form flat plates of squarish shape. This is the reason why they 
tend to come to lie on their sides. Although sea-urchin eggs elongate in the direc- 


Piate II. Successive stages of cleavage of a single Spirocodon egg observed with oil im- 
mersion lens. (4) Slight indication of the vortex figure within the blastomeres. No sign of 
the spinning activity within the furrow. (8) The vortex configuration is becoming more evi- 
dent. The spinning activity has not begun yet. (C) The vortex figure is at its climax. The 
amalgamation of the protoplasmic processes is proceeding (see C’). (C’) Enlargement of C 
showing the spinning activity in the furrow. Note a longish shadew along the furrow space and 
several very faint lines running across the furrow, nearer the tip of the furrow. The latter 
are threads formed by the fusion of several protoplasmic processes. which cannot be shown in 
the photograph. The former is the amalgamation product of the latter. This grows by further 
amalgamation into a sheet. (D) The spinning is complete around the entrance of the furrow. 
(E) Astral rays (vortex figure) are becoming vaguer. (F) The furrow has almost reached the 
vegetal side. The smallest division of the scale is 10s. 
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Ficure 2. Spirocodon eggs fixed in chrome-formol mixture. 1, unfertilized egg. The 
cytoplasm is fairly homogeneous with only a slight tendency to vacuolization around the periph- 
ery. 2. telophase with chromosomes and asters. Note an intense vacuolization around the 
periphery. The plane of section is quasiequatorial; the peripheral vacuoles are seen encircling 
the island of dense cytoplasm. 3, vertical section. Anaphase with asters, a bending spindle 
and a shallow furrow. Notice that the island of dense cytoplasm is definitely shifted toward 
the animal pole. 4, a still later stage. 5, a much later stage with a V-shaped spindle. Note 
that the vegetal vacuoles have now comé around to the former animal side. 
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tion of the spindle; the shape of cross-sections parallel to the cleavage plane is al- 
ways circular. Similar cross-sections of medusan eggs are a series of oblongs 
(Plate I, m, n, 0), and only in later stages do the flattened incipient blastomeres 
gradually round themselves up (Plate I, o and p). This flattening is an important 
point to keep in mind for an understanding of the division mechanics of coelenterate 
S. 

hii other things are notable in the side view of the egg. For example, in 
every case observed, a vortex configuration can be seen in each blastomere during 
most of the cleavage process (Plate II, B,C, D, E). The direction of the whorl of 
this vortex is exactly the same as that exhibifed by the astral rays of Astriclypeus 
eggs (Dan and Dan, 1947; Fig. 7), only the degree of bending of the component 
lines is much more acute in the Spirocodon egg. 


I I 
Ficure 3. Spirocodon egg fixed in Flemming’s solution showing homogeneous cytoplasm, 
V-shaped spindle and spinning processes on the furrow sides. 


The next fact concerns an utterly new feature of cell activity which finds no 
similar case among echinoderm eggs. This is the so-called “spinning activity” of 
the medusan eggs.? It has been known for some time that in medusan eggs, after 
the cleavage furrow advances some distance, fine protoplasmic processes are sent out 
from the furrow sides to amalgamate into a sheet between the two blastomeres 
(Yatsu, 1912; Plate II). 

As material for observing this spiyning activity, Spirocodon saltatrix is not par- 
ticularly favorable, for the processes are so fine that, before amalgamation, they are 
barely recognizable individually with an oil immersion lens (Plate II, C’). But the 
sheet, once it begins to be formed (Plate II, D, E), can be seen with the usual high 
dry objective (Plate I, g,h). Moreover, the partly amalgamated processes can be 
fixed as such by osmium (Fig. 3). Unfortunately, because of the poor visibility of 
Spirocodon processes, the details of the change from processes to sheet cannot be 


2 Andrews (1897) and Moore (1930) discuss spinning activity in connection with echinoderm 
eggs. Their views will be criticized in a future paper. 
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ascertained. All one can say is that the transformation is rather abrupt and as the 
sheet is completed, it spreads between the opposed surfaces of the blastomeres like 
a wetting fluid, sometimes even showing a meniscus at the optical section of its 
border. As the immediate result, the two blastomeres are pulled closer to each 
other. 

The last point concerns the final positions of the divided nuclei. In either un- 
fertilized or fertilized eggs, as long as a nucleus is visible in the living condition, it 
takes an extremely excentric position toward the animal pole. After it is lost 
from view and the mitotic spindle develops, sections show that even though the 
spindle has come back to a more central position, it is still decidedly pushed to the 
animal pole (compare Plate Ia and Fig. 2, 3 and 4). Nevertheless, when the two 
resting nuclei are reconstituted after cleavage their positions are about midway 
between the animal and vegetal poles, almost in contact with the furrow sides. 
This situation is quite different from that existing in Astriclypeus eggs, where the 
nuclei retain the same degree of excentricity until the four-cell stage. 

Now let us see how the facts described above can be correlated with the general 
theory of cleavage developed in the previous papers. 


ROTATION OF THE ASTERS 


The direction of the whorl of the vortex configuration in the dividing blastomeres 
of Spirocodon has been shown to be the same as that exhibited by the astral rays 
of Astriclypeus eggs. In the latter case the vortex figure of the astral rays was 
taken as a direct indication that the asters are turning around their centers (Dan 
and Dan, 1947). Examination under oil immersion leaves no doubt that the figure 
in the Spirocodon eggs is also primarily due to the bending of the astral rays. Con- 
sequently, it is safe to say that the vortices in the two forms are identical in signifi- 
cance. Judging from Yatsu’s figure (1912; Plate II, Fig. 19), similar vortices are 
also evident in the eggs of Beroé forsikalit. 


BENDING OF THE SPINDLE 


In the previous paper, the primary cause of spindle bending in Astriclypeus eggs 
was attributed to the excentric position of the mitotic figure. It is easy to show that 
a similar situation obtains in the eggs of Spirocodon. In the unfertilized condition, 
the egg pronucleus is clearly visible in the living cell and it lies immediately be- 
neath the cell membrane at the animal pole (Plate Ia). After fertilization, although 
sections show that the first mitotic figure comes back toward the interior to some 
extent, still it is clearly excentric. As cleavage proceeds, sections also reveal that 
the spindle is bending. This is true both for eggs fixed with chrome formol (Fig. 2) 
and for those fixed in osmium (Fig. 3). 

Now one is able to understand why the Spirocodon eggs flatten during segmenta- 
tion. In regularly dividing eggs where the spindle simply elongates, the force 
acts in linear fashion and the cell body can only elongate along the spindle axis.. But 
in the cleavage of medusan eggs, in addition to the force which pushes the two 
asters apart, there is another force trying to make them turn around their excentric 
centers. This set of forces determines a plane on which the eggs tend to spread and 
make flat discs. This fact is most clearly brought out by making contour drawings 
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of the side view of the same egg at various stages and superimposing them. As is 
shown in Figure 4, the outline of the initial stage can be included within that of 
the flat stage.* When the blastomeres round up again in later stages, the con- 
tour becomes smaller once more. 

In passing, it must be made clear that the above statément that a set of two 
forces is at work in the medusan cleavage should not be taken to mean that two 
different factors are involved in the process. As was discussed in the previous 
paper (Dan and Dan, 1947), the force causing the rotation of the asters is derived 
from the elongating force of the spindle as a result of the excentricity of the mitotic 
figure. Therefore, they are nothing but two fractions of force of a single origin. 


Ficure 4. Superposition of the contours of the side-view of the same egg in three different 
stages. The contour of the second stage surpasses that of the first stage both in height and 
width, indicating that the cell body is spreading flat in this stage. In the third stage, although 
the width increases, the height decreases, showing that the blastomeres are rounding up. 


Returning to the main line of thought, if it be correct that the flattening of the 
blastomeres and the bending of the spindle are two effects of a single cause, then we 
should have noticed the same thing in the eggs of Astriclypeus. Re-examination of 
that material shows it to be actually present, as is illustrated in Figure 5. As a 
matter of fact the bulging out of the vegetal contour was often noticed during that 
study and its probable cause was attributed partly to spindle bending, partly to 
astral rotation. The situation would have been grasped more readily if it had 
been considered in terms of flattening. 


SPINNING ACTIVITY AND ITs SIGNIFICANCE WITH RESEcCT TO CLEAVAGE 


Once it is established that astral rotation is one of the important factors in 
medusan cleavage, one is led to suspect that spinning activity may be closely re- 
lated as a part of the division mechanism, for when the two asters are simultaneously 
moving away from each other and rotating around their centers, a tying together of 


3 Yatsu’s paper includes a somewhat similar figure of the superposition of outlines of successive 
stages in the cleavage of the eggs of Beroé. In connection with this figure, Yatsu is pointing 
out the absence of lateral elongation in Beroé eggs. But it should not be overlooked that the 
stages he is dealing with are those of the latter half of the division process, and the contour 
of the early period is not included. 
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the animal side of the blastomeres would greatly increase the efficacious force avail- 
able for the tearing open of the vegetal furrow. 

The most direct and decisive way to test this possibility is to interfere with the 
spinning activity and see whether or not the eggs can divide. A method of me- 
chanical intervention was adopted. It consisted in moving a micro-dissection neédle 
back and forth along the furrow as the latter was being formed. It was thought 
that this method would prevent the amalgamation of the protoplasmic processes. 
Special care was taken not to injure the sides of the furrow by the needle during 
the operation. The result was clear-cut. The eggs divided completely. But on 
completing cleavage, the blastomeres fell apart. Later it was found that a simpler 
way to achieve this aim is to make the eggs divide under compression in a hanging 
drop with an extremely small quantity of sea water. The tracings of photographs 
shown in Figure 6 illustrate an egg so treated. The reason for the failure of the 
spinning under compression is probably that, as the egg is flattened so much, the 


YS 


Figure 5. Two camera lucida drawings of dividing Astriclypeus eggs as seen along the 
spindle axis. In the left hand one, the furrow is formed only at the animal pole while in the 
right hand one, the furrow has gone around the cell. The large dotted circles are optical sec- 
tions of the still uncleaved parts and the smaller dotted circles are cross-sections of the spindle. 


number of the protoplasmic processes which are formed just at the flattened edges 
of the furrow sides is greatly reduced so that the chance of their meeting and con- 
sequently of their amalgamation becomes very slight. 

At any rate, it can now be said definitely that the sole object of the spinning ac- 
tivity is to tie the blastomeres together and it can be segregated from the process 
of cell division proper. 


PERFORATION EXPERIMENTS 


In order to get some insight into the more dynamic phase of medusan cleavage, 
perforation experiments were made. The method is to take an egg compressed in 
a hanging drop and punch it through by a micropipette (Dan, 1943a) 

The results obtained in sea-urchins by this method can be summarized briefly. 
When a perforation is made through the cytoplasm on the median plane bisecting 
the karyokinetic figure, the inner border of the perforation is pulled in and becomes 
a cleavage furrow. If a hole is shifted slightly to the side of the median plane, but 
still within the crossing range of the median rays (sub-median region), a furrow 
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is formed at the normal position, but simultaneously the perforation is drawn toward 
the median plane and the two are ultimately united, so that in the end a nearly- 
normal two-cell stage with a forked furrow results. If the hole is further pushed 
toward the polar region, it can no longer take part in the furrow formation. 

When Spirocodon eggs are compressed for punching, because of the excentric 
position of the mitotic apparatus it is desirable to have the egg axis coincident with 
the plane of flattening. But unfortunately, even after compressing, the mitotic 
figure cannot be located definitely because of its poor visibility. Theoretically, the 
apparent position of the mitotic apparatus under compression can be the most ex- 
centric when the egg axis is lying parallel to the plane of flattening and it becomes 
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Ficure 6. Tracings of a series of photographs of a single egg dividing under compression. 
Spinning has failed and the blastomeres are falling apart. In later stages which are omitted here, 
they are completely separated. Note, however, that until the cleavage is nearly completed 
(down to stage 5), the contour change of the blastomere is quite normal, indicating that these 
shapes are brought about by purely internal causes. 


central when the egg axis is perpendicular to the plane. Another source of am- 
biguity lies in the fact that when a micropipette punches through the cell in the 
vicinity of the mitotic apparatus, there is no way of telling to which side of the 
pipette the mitotic figure will slip away. The final position of the mitotic figure 
after such treatment in each particular case can be judged to some extent by observ- 
ing the way in which the furrow appears, but sometimes the authors had to guess it 
from the later behavior of the perforation. 

The series of sketches shown in Figure 7 represents the behavior of a perforation 
on the median plane of the animal side. Just like the corresponding case in sea-urchin 
eggs, the inner border of the perforation is drawn in, becoming a cleavage furrow, 
while the median periphery of the cell which would became a furrow under normal 
conditions remains unchanged. The rest of the division process proceeds in the 
usual manner. At the fourth stage of the figure, a few partly amalgamated processes 





174 KATSUMA DAN AND JEAN CLARK DAN 


are seen and, at the sixth stage, the amalgamation is complete. The division is 
achieved at the eighth stage. Soon after this, the mitotic figures for the second 
cleavage are formed and the egg cleaves into three blastomeres. This is instruc- 
tive in confirming the observation that the first cleavage has failed to divide the cell 
completely. 
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Ficure 7. Form change of a perforation made on the animal side of the spindle. Note that 
it makes a cleavage furrow which takes the place of the cell periphery. From the 4th stage 
on, spinning activity can be seen which succeeds in binding the cells at the 6th stage. At the 
second cleavage, the larva reaches a 3-cell stage, the middle cell being binucleate and the other 
two, mononucleate. Temperature, 14.2° C. 


The case shown in the next figure (Figure 8) is another example of the per- 
foration of the animal side. In this case, although the result is identical with that 
of the previous example, as far as the behavior of the perforation is concerned, it 
is significant in showing a case of the failure of spinning. In this case, since the 
animal sides of the blastomeres are connected by a protoplasmic bridge, the failure 
in spinning causes a widening of the tip region of the furrow. As a result, a thread 
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of cytoplasm running between the blastomeres at the vegetal pole is clearly visible. 
This string of cytoplasm must be homologous to the connecting stalk of sea-urchin 


eggs and hence it must contain the spindle, or, more correctly speaking, the spindle 
remnant, within it. In the present case, however, the apparent elongation of the 
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Ficure 8. Another example of a perforation in the egg at the animal side of the spindle. 
At the 3rd stage threads are formed which, however, fail to bind the blastomeres. At the 6th 
stage, the division process is complete. The protoplasmic string left at the vegetal pole is the 
“stalk” and contains the spindle. At the 8th stage, the stalk is broken. At the 10th stage, the 
second cleavage sets in, resulting in a 3-cell stage. Temperature, 10.5° C. 
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spindle remnant cannot be considered to be an autonomous one but is likely a pas- 
sive one due to the rounding up of the blastomeres. In the second cleavage, the 
egg divided into three cells, as in the previous case. 
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Ficure 9. The behavior of a sub-median hole on the animal side. Immediately after the 
operation, the hole was round in shape, but is stretched toward the median plane by the time 
the lst drawing was made. At the 4th stage, a protoplasmic protuberance appears in front of 
the holes. At the 6th stage, the hole is practically fused with the main furrow. At the 7th 
stage, the hole is stretched, practically becoming a slit so that its fusion with the main furrow 
cannot be ascertained. But its fusion is evident at the 8th stage through the appearance of a 
dent on the side of the furrow just above the protuberance. This corresponds to the Y-shaped 
furrow of Strongylocentrotus eggs. At the 9th stage, spinning is achieved at a little higher 
level than the dent. The spindle remnant is clearly seen at the following 2 stages and is finally 
broken at the 12th stage as the interkinetic condition is reached. Temperature, 13.3° C. 


\ typical sub-median case is given in Figure 9. In spite of some irregularities 
in the contour of the furrow wall, the fusion of the hole with the furrow is evident. 
The only superficial difference in the sub-median behaviors of the medusan and sea- 
urchin eggs is probably due to the difference in consistency of the cortex of the 


two forms. 
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If a perforation is pushed a little farther from the median plane to the sub- 
polar region, the hole is only stretched and does not fuse with the main furrow (Fig. 
10). If a hole is made in the polar region, it remains quiescent all through the 
cleavage process (see Fig. 14). 

In short, as far as the behavior of the perforations on the animal side is con- 
cerned, the results are just the same as those in sea-urchin eggs. But once we go 
to the vegetal side, the reaction changes greatly. 
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Ficure 10. A sub-polar hole on the animal side. The hole is pulled toward the median 
plane. At the 3rd and 4th stages, surface grooves are formed along the direction of strain 
on both sides of the hole. The hole becomes smaller and slit-like at the 6th and 7th stages and 
finally disappears at the 8th stage. 


The behavior of a median hole on the vegetal side of the spindle is shown in 
Figure 11. In this case, although the hole is deformed to some extent when the tip 
of the furrow approaches, there is no sign of the active participation of the vegetal 
hole in the furrow formation. The situation will more appropriately be described 
by saying that the furrow advances until it meets a vegetal hole where it simply 
stops. Therefore, the string of cytoplasm which is found on the animal side in this 
case must be the spindle remnant. 

Here the question arises, whether the behavior of the vegetal hole approaches 
that of an animal hole if its position is shifted toward the upper pole. Such a case 
is given in Figure 12. The result is the same as in the preceding case. At the 
eighth stage of this figure, two nuclei have begun to be reconstructed, but the 
part of the spindle remnant within the cytoplasm can be recognized as bright streaks 
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which are continuous with the string of cytoplasm outside the cell. The shallow 
cleavage furrow thus formed is soon abolished completely and a binucleated cell 
results. At the second cleavage, the cell showed two mitotic figures. In this 
particular case, the cleavage attempt is unsuccessful in one blastomere and a 3-cell 
stage is reached at the end. 


id CT) 
0” 3'25" 7'20" 12°50" 
OD OD CO 
14'35" 16'40" 27°40" 

hd 
34°05" 47°00" 56 "00" 
66'30" 75'00" 105'00” 


Ficure 11. A median perforation on the vegetal side. At the 4th stage, the furrow has 
advanced so that only the stalk containing the spindle remains between it and the hole. At the 
8th stage, the stalk is getting soft. The cell is rounding up at the 9th and 10th stages. The 
cell divides into three at the 13th stage. Temperature, 12.1° C. 


Equally striking is the fact that as soon as a vegetal hole is shifted in position 
from the median plane, it no longer shows any trace of form change and often 
vanishes leaving only a scar on the cell surface (Fig. 13). In this egg, the hole 
is obliterated at the third stage, after which the surface scar left by the hole is rep- 
resented by a dotted line. The instability of the vegetal hole may indicate the 
fluid nature of this region because perforations in sea-urchin eggs also become un- 
stable when put in a calcium-free medium. 

Combination of two holes on the vegetal side of the spindle does not introduce 
any new type of behavior. In the case shown in Figure 14, one hole is median while 
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the other hole is polar. The furrow comes down as far as the former and stops 
there, while the polar hole remains indifferent all through the process. In the 
case shown in Figure 15, the two holes come pretty close to the furrow, yet they 
slide along beside it and disappear later. 

Summarizing the above results, it can be said that on the animal side of the 
mitotic figure of the medusan egg, the condition is practically the same as that pre- 
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Figure 12. A median hole made just below the spindle. The behavior is essentially the 
same as in the case shown in Figure 11. The 8th stage shows that the string of cytoplasm really 
contains the spindle. At the llth stage, two mitotic figures appear. In the right blastomere, 
the cleavage somehow fails and a 3-cell stage results. The last drawing is significant in showing 
that the spinning is possible not only between daughter cells but also between adjacent cells 
which have no common mitotic figure. Temperature, 14.2° C. 
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vailing in sea-urchin eggs. But the vegetal side is so inert and passive that the situ- 
ation seems to be utterly different. The impression is unavoidable that the vegetal 
region is quite fluid. However, if the vegetal region of the medusan eggs is really 
fluid, is it possible to anticipate a successful cleavage from the proposed theory? 


Tue Division MECHANISM OF MEDUSAN EGGs 


As an introduction to this discussion, let us enumerate important features of 
medusan eggs which are not met with in sea-urchin eggs, and which, consequently, 
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A perforation in the sub-median region of the vegetal side of the spindle. At 
the 3rd stage, the hole vanishes and a surface scar remains. At the 5th stage, the spinning 
activity is taking place, and at the 6th stage, the two blastomeres are bound together. At the 
8th stage, cleavage is complete. Note that the scar is pushed far to the side, in the polar region. 


Temperature, 12.1° 


Figure 13. 


offer basic materials for the present theoretical consideration. (1) Flattening of 
the cell and later rounding up of the incipient blastomeres. Astral rotation has 
been offered as a tentative explanation of this fact. (2) Coming around of the 
vegetal vacuoles to the animal side in fixed eggs and the shifting in position of the 
surface marks left by vegetal perforations to the apparent polar region after cleavage 
(see texts of Figs. 13, 15). These two facts seem to have a close bearing on the 
rotation of the asters. (3) Fluid nature of the vegetal region. The instability of 
the vegetal perforations and the failure of the vegetal rays to exert stress on the per- 
forations are two basic facts pointing to this conclusion. (4) Movement of the 


nucleus from the animal side toward the vegetal side during cleavage. 
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With the above four points in mind, the authors have arrived at the following 
conclusion. In the beginning of cleavage, the spindle begins to elongate as in the 
case of sea-urchin eggs. Since the astral rays of the animal region of medusan eggs 
are fully effective, this causes first shrinkage and later furrow formation there just 
as in sea-urchin eggs. As the furrow gets deeper, the median crossing rays are 
pushed against the spindle (sheath rays) which causes the asters to rotate. This, 
in turn, makes the cell spread on a plane determined by these forces of elongation and 
rotation. When the spindle definitely takes a U-shape, the astral centers must be 
twisted around through nearly 90° from their former directions. 
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Ficure 14. Combination of a median and a polar hole. Notice that the polar hole is not 
affected at all. The behavior of the median vegetal hole remains unchanged by the presence 
of the polar hole. 


Now, if the astral rays of the vegetal region were rigid enough, this condition 
would immediately cause a fission in the vegetal region between the two asters as 
in the case of the Astriclypeus eggs. But, actually, the vegetal portion of Spirocodon 
eggs is much more fluid and more deformable. Therefore, instead of tearing the 
vegetal cortex apart (as in typical furrow formation) the cortex and the rays are 
both stretched out, allowing the central parts of the asters to rotate. In other words, 
in Astriclypeus, the annulment of the strain exerted by the elongating spindle is 
achieved by the breaking of the cortical layer (furrow formation) while in Spiroco- 
don it is accomplished by the yielding of the cortex and the rays to the strain (with- 
out furrow formation). 

What the authors think about the condition of the rays and the cortex is shown 
diagrammatically in Figure 16. The cleavage stage corresponds to stage B of 
Plate II. The thin lines represent extremely stretched parts of the rays and of the 
cortex while the thick ones are the parts which are stretched slightly or not at all. 
According to our interpretation, there are no rays which go to the furrow side. 
This ray-free narrow strip lining the furrow side must correspond ‘to the “fan- 
shaped ray-free area” described in connection with Astriclypeus eggs (Dan and Dan, 
1947). (In Astriclypeus eggs, as the median crossing rays are caught by the 
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furrow head and are pushed in as sheath rays, non-crossing rays on both sides are 
left behind. Asa result, a fan-shaped ray-free gap appears.) In Spirocodon, since 
the arc of the fan-shaped area is stretched out so much, the shape of the fan is greatly 
flattened. This explains why the daughter nuclei lie so close to the furrow wall. 
It might be thought that data like those of Figure 16 could be obtained directly by 
the kaolin method. However, this is impossible since no particles can stay at- 
tached to Spirocodon eggs. 

As the division process approaches its completion and the soft vegetal region is 
stretched out more and more, the central portions of the asters are released from 
the strain and regain their former condition. This is expressed as the rounding 
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Figure 15. Two vegetal holes. The furrow cuts in on one side of the holes. In spite of 
the fact that the furrow passes quite close to the holes, no change is brought about in their 
shape. They vanish later. Note also that the direction of the line connecting the two holes is 
nearly horizontal in the beginning, becoming almost vertical after cleavage is complete. This 
shows that vegetal cytoplasm before cleavage comes around to the side during cleavage. 


up of the incipient blastomeres in later stages of the division process. Moreover, 
such an astral rotation will bring about the rotation of other cell constituents. This 
must surely be the explanation of the movement of vacuoles and surface scars from 
vegetal to more animal positions. 

However, the last and the most important point is that, as the vegetal material 
is carried around to the side and even up toward the animal pole, the relative posi- 
tion of the spindle within the cell will become more and more vegetal and finally the 
base of the U-shaped spindle will reach the vegetal extremity of the cell. In a very 
rough approximation, it is as if one cuts a medusan egg into two along the cleavage 
plane, turns the halves by 90° (so that the cut surfaces face downward) and pushes 
them together animal pole to animal pole. The cleavage is thus complete, with the 
nuclei in the vegetal region. 

When looked at from a different angle, the above theoretical consideration brings 
forward two more propositions. 
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(1) It was stated that as the imposed strain is equalized, during the latter half 
of the cleavage process, the vegetal material is shifted around toward the animal 
side and the spindle is shifted down. These coupled movements are an action and 
a reaction. Asa result, the authors cannot agree with the opinion that a cleavage 
furrow strives to reach the opposite pole by its own power. 

Such an illusion must have arisen from the fact that when a cleaving medusan 
egg is observed, the only thing which can be seen moving is the cleavage furrow, 
and the cell body remains practically stationary. But this is due to a simple physical 
condition. When a cleaving medusan egg comes to lie on its side as the result 
of flattening, it must be resting on the substratum by two points, with the center of 
gravity of the cell somewhere on the line connecting these supporting points. 





Figure 16. The condition of the astral rays and the cortex as interpreted by the authors 
from stage B of Plate II]. The distal portions of the vegetal rays are greatly stretched. The 
animal cortex is drawn into the furrow and the vegetal cortex is stretched to cover the lower 
half of the blastomeres. Greatly stretched parts are represented by thin lines. The ray-free 
area is spreading along the furrow wall. This figure is only a rough qualitative representation. 


Therefore, no matter what change occurs in the contour, as long as the center of 
gravity does not change its position, the cell cannot help remaining stationary. The 
rotational movement of the aster such as was discussed above will certainly not 
shift the position of the center of gravity very much. In other words, supporters of 
the opposing theory made an error in selecting the axes of coordinates. They took 
the more or less stationary cell contour as a reference and compared the movement 
of the furrow head with it. But if we have to choose a reference point, it seems to 
us that the position of the nuclei will be a far more reliable one. To illustrate this 
proposition, a series of camera lucida drawings of a dividing Spirocodon egg were 
superimposed in such a way that the nuclei would coincide as nearly as possible. 
The result, Figure 17, shows clearly how the vegetal material is carried up toward 
the animal side. If a dividing medusan egg could be suspended in some medium 
during cleavage, it might give the same sort of effect. 
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(2) The impetus for the present research was the expectation that the cause 
for the difference between the modes of cleavage of Astriclypeus and Spirocodon eggs 
was probably attributable to the difference in the degree of excentricity of the 
spindle. But this expectation turned out to be not strictly correct. The accurate 
statement must be that the difference in the mode of cleavage of the two forms lies 
in the difference in rigidity of the vegetal halves of the asters. Among Astriclypeus 
eggs, there is, of course, an undeniable correlation between the degree of the 
spindle excentricity and the degree of the onesidedness of the furrowing (Fig. 1). 
But this is, in turn, because there also exists a correlation between the degree of 





FicurE 17. The superposition of contour drawings of a dividing Spirocodon egg, keeping 
the nuclei in as nearly a constant position as possible. But the nuclei cannot be made to overlap 
exactly. Their positions fall on the two lines indicated in the center. The shifting of the 
vegetal material to outer sides and up to the animal side is evident. 


spindle excentricity and the degree of deformability of the vegetal halves of the 
asters. 

DIscUSSION 
Cytoplasmic streaming and astral rotation 


Prominent among the theories which have been put forward to explain the 
division mechanism of medusan eggs is the view that a cytoplasmic current, con- 
sidered to originate from surface tension changes, is the effective force. This theory 
seems to have stood partly upon the positive fact that directed movement of the 
cytoplasmic granules toward the tip of the furrow has been reported ever since the 
early days of embryology, and partly upon the negative fact that the theory has not 
been challenged by an alternative one. It certainly created the impression that the 
phenomenon of cytoplasmic streaming has special prestige in the domain of cleavage 
studies of medusan eggs and some investigators have even gone so far as to think 
that it is also true in sea-urchin eggs. 

To the authors, however, there seems to exist a profound difference between the 
streaming in sea-urchin eggs and that in medusan eggs. The streaming in sea- 
urchin eggs is a current of cytoplasm toward the future cleavage plane, hence it is a 
current flowing prior to furrow formation (Chambers, 1938; Just, 1939, p. 284). 
On the contrary, the reports on medusan eggs are all concerned with cytoplasmic 
currents along the already formed cleavage furrow converging toward the furrow 
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head. Therefore, even allowing for the possibility that streaming is a chief cause 
of cell division, the modes of action of the two streamings must be entirely different. 

Moreover, the literature on medusan cleavage is further complicated by the ex- 
istence of ectoplasmic movement. As is known, the ectoplasm of Beroé eggs 
changes its thickness and usually thickens around the cleavage head (Spek, 1926). 
Since the ectoplasm accumulation occurs at the point toward which the cytoplasmic 
currents are directed, the former is often thought of as the result of the latter. But 
these two ought to be clearly differentiated. In short, within the vague term of 
“cytoplasmic streaming,” three different things are included: namely, sea-urchin 
egg streaming, medusan egg streaming and the medusan ectoplasmic movement. 

As for the streaming of sea-urchin eggs, the senior author has offered the inter- 
pretation that it is a passive movement of the fluid cytoplasm to fill in the gap 
formed between the separating asters. Concerning the streaming of medusan eggs, 
the authors are still more skeptical. They think that this streaming itself might 
be an illusion due to the em masse rotation of the asters. It must be remembered 
that when other investigators talk about a cytoplasmic current, what they are actu- 
ally seeing is a movement of suspended granules. It is proposed that the mere fact 
that the granules move in reference to some landmarks outside the egg cannot 
have finality’in the coriclusion that the cytoplasm is flowing. The conclusion is al- 
lowable only when the granules move in reference to other cell structures such as 
the cell membrane. In the case of sea-urchin eggs, such a guarantee is provided 
because the streaming, after having reached the site of the future cleavage plane, is 
said to change its course and go inward. Since no such guarantee is available in the 
case of medusan eggs, who can say that it is only the cytoplasm which is moving? 
Furthermore, if it is a real streaming, why is there not found an accumulation of 
granules beneath the furrow head where the ectoplasm is thick? 

According to Spek (1926), the cytoplasmic currents of Beroé ovata flow along 
the furrow sides, meet at the furrow tip and go a short distance to the inside along 
the median plane. This fact, he contends, is an evidence that the higher surface 
tension at the furrow head is causing the one-sided furrow formation. But to our 
surprise, on reading his paper carefully, we do not come across any streaming in the 
strict sense. The arrows indicating the direction of the flow in his text figures are 
only representing the directions of an hypothetical streaming if such a streaming 
could be considered to be the cause of the movement of the green ectoplasm. On page 
60, he writes, ““Wahrend dieser Substanz Verlagerungen konnten Plasmastr6mungen 
direkt nicht wahrgenommen werden. Konstruirt man aus dem Effekt der Plasma- 
verlagerungen das Stromungsbild, so erhalten wir ein eindeutiger Weise einen 
oberflachlichen Zustrom nach der Furche und einen axialen Abstrom von derselben 
Weg (S. Textabb. 3).” In other words, this is only a “Strémungsbild” where 
no streaming is seen. But from the authors’ standpoint, the fact that his arrows 
are indicating the exact directions of the rotation of the asters is too significant to 
be overlooked. 


Ectoplasmic movement and aster rotation 


As for the movement of the ectoplasmic layer of Beroé ovata, the authors 
are of the opinion that this is again a passive movement. The ectoplasmic 
thickening at the beginning of furrow formation must be the result of the 
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shrinkage of the furrow surface at this stage as has been observed so many 
times in the kaolin experiments of sea-urchin eggs. The accumulation of the 
green ectoplasmic material at the points of the last connection between the 
blastomeres can be accounted for as follows. When the vegetal pole is stretched 
out and is about to be torn, the connecting bridge between the blastomeres must al- 
most exclusively consist of the cortical material without including fluid endoplasm. 
Therefore, when it finally gives way, there ought to be an accumulation of the 
green material. During the intermediate stages, the surface area of the furrow re- 
gion shrinks slightly (from unpublished data on sea-urchin eggs). Consequently, 
the ectoplasm around the furrow head can retain the thickness illustrated in Spek’s 
figures. 

But far more important is the later behavior of the green ectoplasm. According 
to Spek, in the first two cleavages, the green material which accumulates around the 
point of the last connection once more distributes itself evenly around the blasto- 
meres. But at the end of the third cleavage, its re-distribution is prevented and even 
the nuclei are held there. As a result, at the fourth cleavage, the furrow starts to 
be formed at the opposite pole of the larva (the micromere pole). But this cleavage 
and the following one (the fifth) being extremely unequal, two sets of micromeres 
consisting entirely of the green material are formed. These micromeres are the 
mother cells of the future combs. The macromeres above them are still retaining 
the residue of the green material adjacent to the micromeres. In other words, as 


long as the cleavage is extremely unequal, the green substance stays on the same side .- 


of the larva. 

After a long resting period extending for nearly two hours, the macromeres go 
into a division. This division is equal and the furrow starts to cut in from the 
micromere pole. As the furrow advances toward the other side(the polar-body 
pole), the last trace of the green material is carried away with it and at the com- 
pletion of the cleavage, the green substance is found at the other (polar body) pole. 
In the following extremely unequal cleavage all the green material is given off as 
micromeres. As is clear, this new set of micromeres lies opposite from the group 
of comb-forming micromeres and they are endodermal elements. 

From the autliors’ concept of medusan cleavage, this back and forth movement 
of the green ectoplasm is not surprising, since medusan blastomeres are turning 
somersaults at each division. When the division is unequal, although the same 
turning around accompanies it, the division cannot take the ectoplasmic material 
across the large cell and apparently leaves it in place. So it must always be an 
equal division which can transfer the material across to the opposite side. 

In the field of amphibian embryology, the opinion is often expressed that the 
process of amphibian gastrulation is a formative movement by which various meso- 
dermal elements are delivered to their definitive positions. In that sense, it is ex- 
ceedingly interesting that the cleavage process itself is acting as a formative move- 


ment in Beroé. 

The reason why the green ectoplasm re-distributes itself evenly after the first 
two cleavages is unknown to the authors. Spek thinks that it is due to the low 
plasma-viscosity during these mitoses. Whatever the explanation is, the phenom- 
enon of the complete re-distribution of the ectoplasm seems to have a close bearing 
on the fact that the cleavage furrows cut in from the animal pole (the polar-body 
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pole) during this period. In Spirocodon saltatrix, on the other hand, the re- 
distribution is prevented even for the first cleavage. As a result, the nuclei come 
down half way between the two poles, lying quite close to the furrow surface, and 
the cleavage furrow of the second division starts from there. This is functional 
evidence that the animal pole has come around to the furrow side and the vegetal 
material is spread out to cover the lower half of the blastomeres. 


Medusan embryology and aster rotation 


The concept of the rotation of the blastomeres of medusan eggs seems to offer a 
hint with respect to a more general problem of the embryology of ctenophores. 
Among this group, it has been a puzzling fact that the egg axis and the larval axis 
run in opposite directions. This means that the apparent vegetal pole of the egg 
where the comb-forming micromeres appear becomes the fore-end of the swimming 
larva. This is quite contrary to the situation found in other animal phyla. For this 
reason, investigators who put emphasis on the later development name the two poles 
of ctenophore eggs exactly opposite to the way it is customarily done, calling the 
polar-body pole the vegetal pole (Schleip, 1929; Korschelt, 1936). Korschelt even 
goes so far as to illustrate the eggs up-side-down. All these confusions have their 
origin in the fact that people view the development of ctenophores with the con- 
ventional idea that the egg axis should coincide with the larval axis. But if the 
blastomeres turn upside down at each division, the egg axis changes its direction 
each time. In other words, among medusae, the egg axis seems to have little 
meaning. 


SUMMARY 


1. Characteristics of division involving an excentric mitotic figure : namely, astral 
rotation and spindle bending, are recognizable in the division of Spirocodon eggs. 

2. Perforation experiments indicate that although the physical condition of the 
animal region of Spirocodon eggs is similar to that of sea-urchin eggs (Pseudocen- 
trotus depressus), the vegetal region is quite fluid and deformable. 

3. In Astriclypeus, the vegetal region is like the animal in physical consistency so 
that the vegetal region is pulled open (i.e., furrow formation takes place) sooner or 
later. In Spirocodon, the vegetal region is quite fluid. As a result, it is never 
pulled open but is simply drawn out until it finally breaks. This is the fundamental 
difference between heart-shaped cleavage and medusan cleavage. 

4. Astral rotation is discussed in connection with cytoplasmic streaming, ecto- 
plasmic movement and medusan embryology generally. 
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PROGRAM AND ABSTRACTS OF SCIENTIFIC PAPERS PRESENTED 
AT THE MARINE BIOLOGICAL LABORATORY, SUMMER OF 1947 


GENERAL MEETINGS 


A delayed effect of X-rays on pepsin. Rupert S. ANDERSON. 


It is well known that X-rays inactivate enzymes such as pepsin. Determinations of the 
activity remaining are usually carried out as soon as the period of irradiation is completed. 

With pepsin it has been noticed that in addition to the immediate effect there is a slowly 
developing further inactivation. This inactivation occurs when the irradiated enzyme stands in 
a buffered solution at pH 5.3-5.4. Ultimately the total inactivation was several times as large 
as that observed initially. 

It has not been possible to imitate the delayed inactivation by incubating pepsin with con- 
centrations of hydrogen peroxide up to one millimolar. Moreover irradiated solutions which 
have been dialyzed against the original pure buffer solution, to restore the initial conditions as 
closely as possible, still show the delayed inactivation. The generality and possible significance 
in biological radiation experiments of this type of phenomenon will be further studied. 


On the occurrence of myoglobin in Busycon caniculatum. Eric G. BALL AND 
Octavia Cooper. 


In contrast to the bulk of muscle in Busycon caniculatum, the protractor and retractor mus- 
cles of the odontophore and the radula are bright red in color. This suggests the presence in 
these muscles of an iron porphyrin compound. The positive identification of this muscle pigment 
as an iron compound seemed of particular interest in view of the fact that this animal possesses 
a copper blood pigment, haemocyanin, which displays an affinity for oxygen greater even than 
that of mammalian myoglobin. 

A total of 86 animals yielded 74.2 grams of wet muscle. These were ground in a mortar 
with sand and water, the mixture centrifuged, and the turbid red supernatant brought to 60 per 
cent saturation with (NH,).SO,. After standing overnight the colorless precipitate was centri- 
fuged off and the pigment precipitated from the supernatant by the addition of (NH,).SO, to 
90 per cent saturation. The bright red precipitate was removed by centrifuging or filtration. 

The precipitate dissolves readily in water or neutral phosphate buffer to yield a clear red 
solution. Its absorption spectrum shows sharp peaks at \ 576, 540, 415, and 270 my, and thus 
resembles hemoglobin. The ratio of the extinction coefficients for 540:576 is 1.15 and for 
415: 540 it is 9.3. In hemoglobin the comparable ratios are 0.96 and 8.7. 

The pigment reacts with Na,S,O,, ferricyanide, and CO to form compounds analogous to 
those produced when these reagents react with hemoglobin. The CO compound shows absorp- 
tion peaks at \ 569 and 538 mp. The span of 70 A in the a band between the O, and CO com- 
pounds indicates a strong affinity of the compound for CO. The iron content of a salt free dry 
preparation is 0.17 per cent. 

A crystalline chlorohemin derivative can be prepared. The absorption spectra of the ferri- 
hemehydroxide, ferrihemecyanide, and ferrohemecyanide compounds are identical with those 
yielded by blood hemin. 


Physiological studies on the mechanism of action of DDT in insects. Joun B. 
Buck AND Marcaret L. KEIsTeER. 


Weight changes and oxygen uptakes were measured in adult blue bottle flies, Phormia 
regina, in high, and in low humidities, after the flies had walked on a microcrystalline surface 
of DDT for 15 minutes. Initial percentage body weight fractions were: water, 65; respirable 
substrate, 20; irrespirable material, 12.5; skeleton, 2.5. Weight loss was nearly linear in all 
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four groups of flies during the first 10 hours. Water loss, in per cent of original weight, 
totaled: dry DDT, 25.6; dry control, 14.6; wet DDT, 14; wet control, 6.5. Substrate (dry 
weight) loss, in per cent of original weight, over the same 10-hour period, totaled: dry DDT, 
4.4; dry control, 2.4; wet DDT, 10; wet control, 1.5. Per cent substrate loss to death (18 
hours for dry DDT; 8 days for wet control) totaled: dry DDT, 6; dry control, 15.2; wet DDT, 
15.5: wet control, 20. Average oxygen uptake in mm.%/hr./mg. fresh weight was 2 in both 
control groups, 10 in the wet DDT flies between 4 and 8 hours after poisoning, and a maximum 
of 7 at 4 hours in the dry DDT flies. Individual poisoned flies briefly reached peaks up to 15 
times the control rate. Similar values were also reached by rare controls which were active 
instead of motionless. R. Q. was about 1 in the poisoned flies, 0.8 in quiescent controls. Total 
oxygen uptake per individual poisoned fly varied directly with both fresh and dry weight losses. 
Poisoned flies could accumulate oxygen debts. 


Conclusions: (1) DDT enhances both water and substrate loss. (2) Low humidity reduces 


the respiratory stimulation caused by DDT. (3) DDT has no specific effect on either anaerobic 
or aerobic glycolysis, the observed respiratory and weight changes being indirect, and attributable 
rather to hypermotor activity. (4) Death from DDT is not primarily due to either water loss 
or exhaustion of respirable reserves. 


Direct determinations of internal hydrostatic pressure of Fundulus egg. W.BuNo 
AND RoBerT CHAMBERS. 


By the use of mercury manometer it has been possible to measure directly the hydrostatic 
pressure within the Fundulus egg which has a diameter approximately 2 mm. It was found 
that there is an immediate response of the egg to changes in the concentration of a balanced salt 
solution, namely, S. W. There is a rapid exchange of water and of salts, the exchange of salt 
being slightly slower. Our chief contribution is that such exchange occurs in a solution con- 
taining all the electrolytes of sea water. In preliminary experiments it was found that the 
addition of 5 per cent alcohol to sea water caused the pressure to fall immediately, followed by 
a rise to its original value and sometimes exceeding the value. This was repeated several times 
with similar results on the same egg in the same environment in which the concentration of the 
alcohol approached 30 per cent. 


Toleration of lowered oxygen tension by cave and stream crayfish. W. D. Bur- 
BANCK, JOHN P. Epwarps AND MADELINE P. BuRBANCK. 


Limestone caves are abundant in southwest Missouri and from many of them issue streams 
which eventually flow into the White River or its tributaries. Smallin Cave in Christian 
County, Missouri, sixteen miles from Springfield, is such a cave and is peculiar in two ways. 
First, the mouth of the cave is one of the largest in the United States measuring about ninety- 
eight feet wide by sixty feet high. Secondly, in the space of three-quarters of a mile, the cave 
tapers to less than ten feet and opens into a deep sinkhole, a condition allowing much organic 
material in the form of leaves and soil to enter the cave. 

In Smallin Cave is found the white blind crayfish, Cambarus setosus. Directly outside the 
cave and living under practically the same conditions of temperature, dissolved oxygen, pH, 
and total hardness of water, lives the stream crayfish, Cambarus rusticus. Since the surface 
drainage is a factor in the total flow of water in Smallin Cave, the cave crayfish at times may 
live in a torrent, a swift stream, or in isolated pools. During periods of drought, the stream 
issuing from the cave may dry up and the stream crayfish disappear. 

Following the technique of Park, Gregg, and Lutherman (Ecology, 21; 1940), in a series 
of three experiments, thirty-three stream and thirty-three cave crayfish were placed three each 
in liter flasks of boiled cooled water (O,= 4.0715 cc. per liter) sealed with mineral oil. 
Following the death of all of the animals, oxygen analyses by the Winkler method showed that 
the cave and stream crayfish reduced the water to approximately the same oxygen tension—no 
significant difference between 0.1978 and 0.2452 cc. per liter respectively. The cave crayfish 
lived longer than did the stream crayfish, however. Average survival time for cave crayfish 
was 829.9 + 35 minutes and for the stream crayfish 272.3 + 21.5 minutes. Thus, the longer-lived 
cave crayfish seem to have a lower rate of metabolism than the stream crayfish. 
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The shape of oil drops injected into the axoplasm of the giant nerve of the squid. 
RoBeRT CHAMBERS. 


The sheath of the fiber is relatively easy to puncture with a slanting thrust of the micro- 
pipette, the aperture of which is in the neighborhood of 1 to 2 microns in diameter. By this 
means it was found possible to introduce oil drops into various depths of the interior of the 
fiber. The oil drop assumes immediately an ovoid shape along the long axis of the nerve. 
Agitation of the needle inserted in the vicinity of the injection changes the consistency of the 
axoplasm so that the oil assumes a spherical shape. The linear arrangement of the material 
composing the homogenous appearing axoplasm is also indicated by subcooling the fiber to 
- 3° C. and inducing freezing of the axoplasm by inserting a needle. The icicles which form 
are cylindrical rods parallel to one another and to the long axis of the fiber. Colorimetric 
determinations indicate a pH of 6.8 for the normal axoplasm. When the axoplasm is liquified 
by damage the pH changes quickly to the neighborhood of 5.4. These experiments indicate 
that the axoplasm consists of ultra-microscopically arranged material, presumably in a gel 
state, which reverts on injury to the sol state. The pH changes observed are those of living 
protoplasm. This is in direct contrast with effects observed in the yolk of the Fundulus egg 
which exhibits no pH change when mechanically disturbed. 


Deformation delay in Arbacia ova centrifuged in caffeine solutions. RatrH Hort 
CHENEY. 


Typically, unfertilized Arbacia ova, when centrifuged at 10,000 X gravity for 7 minutes, 
become elongated and break into halves and even quarters with more prolonged centrifugation. 
Sea urchin eggs in caffeine solutions resist changes in their spherical form under centrifugal 
force of that magnitude. For comparison, control eggs in sea water were centrifuged with eggs 
from the same female in 0.02 per cent, 0.10 per cent, and 2.0 per cent caffeine-in-sea-water. 
The response of ova when subjected to the 0.10 per cent CSW (M/200) was noted particularly 
because that is the concentration which has been shown by the author to definitely influence 
cellular metabolism. 

All concentrations prevented deformation of the caffeinized eggs when centrifuged at 
10,000 X g. for 7 minutes. Stratification of the echinochrome “appeared” more compact in 
caffeinized ova. Twelve minutes of centrifugation resulted in the breaking of 100 per cent of 
the controls whereas deformation and breaking in the experimental series of 0.02 per cent CSW 
to 2.0 per cent CSW varied from 12 per cent to 0.08 per cent of the eggs. Increasing the 
caffeine concentration decreased the percentage of breaking and degree of deformation. 

Centrifugation at 3,000 X g. for 3 minutes resulted in no deformation of either the controls 
or experimentals and stratification of pigment was equal. This latter observation indicated that 
the “apparent” difference in stratification under greater centrifugal force, resulting in the 
elongation of the control eggs, was not due to any change in viscosity. It could be accounted for 
by the difference in the distance of sedimentation in the deformed controls and the spherical 
experimentals. Evidence that resistance to deformation is due to the effect of caffeine on the 
tension forces at the surface layers is now under investigation. 


Experiments on germinal localization in Ilyanassa. A. C. CLEMENT.? 


If eggs of Ilyanassa are removed from their capsules and grown in ordinary filtered sea 
water, they succumb to infection within a few days without attaining the veliger stage. With 
a semi-sterile technic, including the use of Pasteurized sea water, the naked eggs develop nor- 
mally. Using this technic, the developmental capacity of various fractions of the egg has been 
tested. The following observations are based mainly on a study of living material. 

The polar lobe is necessary for normal development. If the lobe is removed at the trefoil 
stage of the first cleavage, a partial larva results. Elements of the velum, including the large 
cilia, appear regularly and eyes are often formed. Otherwise, the larva bears little resemblance 
to the normal veliger, either in general form or in recognizable larval organs. 

The polar lobe normally passes into the D quadrant at the second cleavage. If the D blasto- 
mere is punctured and removed, the ABC fraction produces a deficient larva resembling the 


1 Aided by a grant from the Carnegie research fund of the Cellege of Charleston. 
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lobeless one. In contrast with this, removal of either the A, B, or C quadrant from a whole egg 
often results in a larva which, although showing certain deficiencies (particularly of the 
velum), is in most respects similar to the normal one. 

If the D macromere is punctured and removed after it has given rise to three ectomeres and 
the mesentomere cell 4d, development is virtually normal in most cases. The only regular, de- 
ficiency detected is a reduction in size of the larva. Much of the material originally contained 
within the polar lobe, and later the D quadrant, is removed in this operation. It thus appears 
that the original lobe region loses its essential morphogenetic value during the cleavage process, 
presumably through an allocation of potency to some or all of the first four cell derivatives of 


the D quadrant. 


The cytological basis of salt excretion from the gills of Fundulus heteroclitus. D. 
EuGENE COPELAND. 


Fundulus heteroclitus were subjected to abrupt changes from sea water to tap water and 
vice versa to see if the cellular mechanism for salt excretion could be demonstrated in the gills. 
A columnar type acidophilic cell extending from the basement membrane to the surface of the 
gill filament shows a secretory vesicle at the distal end in sea water and none in fresh water. 
The cell is rich in very fine, filamentous (possibly oriented granules) mitochondria in both sea 
water and fresh water. Silver nitrate tests for chloride show a very marked response in the 
secretory vesicle and to a less extent in the body of the cell. Fresh water adapted cells show 
little or no chloride. In several distilled water adapted cases, the cells rounded up and left 
both the free surface and the basement membrane. 


Inhibition of Arbacia egg cleavage by podophyllotoxin and related substances. 
[vor CORNMAN. 


The effects of podophyllin upon Asterias eggs are reported in another abstract in this 
issue. Podophyllin is a mixture of podophyllotoxin (m.w. 414), quercetin (m.w. 321), podo- 
phyllic acid, and unknown constituents. The effect of podophyllin on Arbacia egg cleavage ap- 
pears to represent the combined effects of podophyllotoxin and quercetin, revealing a wide 
range of concentrations (0.4-2 mg./L) over which it slows cleavage slightly, then a sharp 
threshold at which cleavage is completely inhibited (4-6 mg./L). Like podophyllotoxin, podo- 
phyllin completely inhibits the cleavage of some eggs at concentrations which only moderately 
delay the cleavage of the remainder. Quercetin (20 mg./L) more than doubles the time re- 
quired for cleavage while permitting all cells to cleave, and delays cleavage time 10 per cent at 
a much lower concentration (0.6 mg./L). Podophyllotoxin delays cleavage time 10 per cent at 
0.07 mg./L and blocks completely at 0.5 mg./L. Thus these two compounds are more active 
than colchicine (m.w. 399), which acts at 10-80 mg./L. Rutin, which contains a quercetin nu- 
cleus (m.w. 664), delays cleavage very slightly at saturation. 

Other visible processes, e.g., activity of sperm and lifting of the fertilization membrane, 
proceed normally in podophyllin at concentrations as high as 100 mg./L. The cleavage furrow 
is unaffected, as evidenced by cleavage of eggs which have reached anaphase at the time of ex- 
posure to 0.5 mg./L of podophyllotoxin. 

Two other echinoderms are more sensitive to podophyllotoxin than is Arbacia. The mat- 
uration of Asterias eggs is blocked completely at 0.01 mg./L. Cleavage of Echinarachnius eggs 
is slowed at 0.01 mg./L and blocked completely at 0.04 mg./L. 


The distribution of phosphorus in the unfertilized egg of Arbacia punctulata. 
Ropert K. CRANE. 


Mature, unfertilized eggs from freshly collected Arbacia contain a total of 130 milligrams 
phosphorus (Fiske and Subbarow) per gram nitrogen (Folin), or 0.31 milligram per cent of 
wet weight. 

Preliminary partition (expressed in milligrams phosphorus per gram nitrogen): acid- 
insoluble, 35 (range 31-39) ; acid-soluble, 53 (range 47-60) ; ether-soluble, 53 (range 40-66). 
Separate samples were used for each fraction. 
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Fractionation of acid-insoluble (Schmidt and Tannhauser, Jour. Biol. Chem., 161; 83, 
1945) : phosphoprotein, 27; ribonucleic acid, 6.5; and desoxyribonucleic acid, 1.5. 

Analysis of total acid-soluble was made on trichloracetic acid filtrates. Since echinochrome 
interfered with analysis of orthophosphate, an ammonium sulfate extract (Lowry and Lopez, 
Jour. Biol. Chem., 162; 421, 1946), free of echinochrome and proteins, was prepared. This 
yielded 35 milligrams phosphorus per gram egg nitrogen from suspensions which had total acid- 
soluble of 50; of the 35, 11 were inorganic (Lowry and Lopez), 14 were liberated by 7-minute 
hydrolysis in 1 N hydrochloric acid at 100 degrees centigrade, 10 more by 100-minute hydrolysis. 
Total content cannot be analysed in ammonium sulfate solutions. 

For unfertilized eggs, a nitrogen ratio of 100 milligrams per gram dry weight has been re- 
ported. Suspensions in July (fresh urchins) confirmed, but those prepared in August (stored 
urchins) showed ratio as low as 55. 

Total phosphorus ratio (dry weight) increased with lower nitrogen. At nitrogen ratio 
of 55, total phosphorus approximated 17 instead of 13 milligrams per gram dry weight. 
Significant changes also occurred in fractions. 

Logarithmic curves relating total and fractions of phosphorus to nitrogen (dry weight 
basis) yielded straight lines. Extrapolation to 100 milligrams nitrogen per gram dry weight 
showed 13 milligrams total phosphorus per gram dry weight (0.1 X value based on nitrogen). 
Data were insufficient for similar derivation of fractions. In the future, data will be thus 
graphically analyzed in belief that truer values than afforded by averages will be obtained. 

The author worked in the laboratory of Dr. Clowes and is grateful for many helpful 
suggestions. 


A preliminary study of the vertical distribution of marine organisms in the Cape 
Cod area. Exvizapetu M. Fauey. 


Intertidal marine organisms appear at low tide to be arranged in a number of superposed 
zones. Transects across these zones from the highest levels in which marine organisms appear 
to the lowest levels to which the tides recede have been studied, with the vertical distribution of 
the organisms found thereon recorded. Though the overall heights of the transects vary with 
the mean tide range from place to place, the data gathered from Plymouth, Provincetown, 
Lewis Bay (Hyannis), Nobska Point, Penikese Island and in Woods Hole correspond well as 
to the number of zones and in their approximate proportion to the height of the transect. 
Likewise, from place to place, these zones have had, at the same time of the season, about the 
same floristic and faunistic constitutions and the same positions in relation to each other. 

Data from a study of the repopulation of denuded transects at Nobska Point support the 
hypothesis that the organisms “seed” onto the rocks throughout a greater vertical range than 
the same species occupy as adults. The primary repopulating macroscopic forms were Littorina 
littorea and species of Calothrix, Enteromorpha, and Polysiphonia. 


Interaction between the implanted embryos and the internal organs of an adult 
teleost, Opsanus tau. Paut S. GALTsoFF AND EuGENIA GALTSOFF. 


Embryos of Opsanus tau, from 3 to 5 mm. long, introduced with aseptic precautions intra- 
peritoneally into an adult toad fish survive and attach themselves to the abdominal wall, liver, 
intestines and possibly to other organs. Normal development of the implanted embryo ceases, 
but the embryonic tissues continue to grow in an erratic manner forming teratomas. Embryos 
attached to the surface of the liver produced metastases which invaded and destroyed the under- 
lying portions of this organ. Three week old tumors, growing in the liver, consisted of easily 
recognizable elements of connective tissue, blood, notochord, cartilage, and muscle fibers. No 
traces were found, however, of the epidermis and typical mucus cells present in the normal 
embryos. 

One encapsulated teratoma, attached to the peritoneum of the abdominal wall, produced 
no metastases. It consisted of various embryonic tissues and organs irregularly scattered within 
the capsule. 

None of the eight fishes used in the experiments died as a result of the operation. The be- 
havior of the operated fishes appeared to be normal, 


194 PRESENTED AT MARINE BIOLOGICAL LABORATORY 


From a preliminary study of the experimental material conclusion is drawn that the regu- 
latory mechanism responsible for the orderly development of the embryo ceases to function when 
the latter is implanted in the organs of an adult organism. Erratic growth of some of the 
embryonic tissues continues, however, and results in the destruction of the cells and tissues of 


thé host. 


Altering the expression of position effect. W.GoopsMITH AND TayLor HINTON. 


Plum eye color in Drosophila melanogaster is due to a complex inversion in the second 
chromosome. This “position effect” when crossed to most stocks does not vary in ex- 
pression. However, when crossed to Inversion (2R)NS, offspring appeared with reddish, 
almost wild-type eyes and exceptional mottling of the pigment. An attempt was made to 
ascertain whether it was the inversion causing the modification of Plum or whether it was 
some other factor in that stock. Therefore, Inversion (2R)NS was extracted from the 
original modifying stock and incorporated into a new stock containing Inversion (2L)t, which 
does not modify Plum. This stock, In(2L)t, In(2R)NS/Ins(2L+2R)Cy, was crossed to 
Plum and the majority (906) of the offspring could be placed into 2 classes both phenotypically 
and cytologically. These were: Ins(2L + 2R)Cy/Plum, giving a normal Plum eye color, and 
In(2L)t, In(2R)NS/Plum, giving a modified expression of Plum as previously described. 
Two additional types were produced (34 individuals) : one, a normal Plum without the Curly 
phenotype, and the second, a modified Plum with the Curly phenotype. Cytological analysis 
has shown these to be In(2L)t, In(2R)Cy/Plum, and In(2L)Cy, In(2R)NS/Plum, respec- 
tively. Therefore it can be concluded that the modifying effect is correlated with the presence 
of the (2R) NS inversion. It is conceivable that it is not the inversion per se but rather genetic 
modifiers within the inversion which are responsible for the effect. However, a series of 
chromosomal rearrangements recently obtained by irradiation include 3 which have the same 
effect upon Plum as does In(2R)NS. It would be too coincidental that in all of these a genetic 
modifier mutated simultaneously with the occurrence of a chromosomal rearrangement. There- 
fore, it is suggested that in several cases a chromosomal rearrangement has modifying effect 
upon another chromosomal rearrangement. Tentatively, this might be termed a “position effect 
upon a position effect.” 


Conditions affecting development of the male phase in Crepidula plana. Hartey 
N. Goutp. 


In previous studies the author concluded that development of the adult male phase in the 
sexual cycle of this species necessitated close association, but not contact, of the small potential 
males with larger individuals of the same species. W. H. Coe has since stated, however, that 
“neither in Crepidula plana nor in any of the other five species of that genus studied is associa- 
tion with other individuals a prerequisite for the development of the functional male phase.” 
To test this matter further, very young spat of Crepidula plana of one to five millimeters shell 
length which had not yet developed any external indication of sex were removed from the 
clusters growing in hermit crab shells and allowed to live in glass dishes with running sea 
water, free from any influence of larger individuals. 

Over 400 such specimens have been examined at ten-day intervals. Over 100 have to date 
been followed for more than forty days. Many have attained and passed the average size of 
males. No adult males have appeared in any of the cultures. An incomplete development of 
maleness, indicated externally by a stumpy rudiment of the penis, may appear transiently, usu- 
ally in about thirty days and in the case of animals of five to seven millimeters shell length. 
Individuals which have reached a shell length of fourteen or fifteen millimeters after forty days 
culture are of a size where female development may be under way. The condition of the gonads 
in this material will be reported later when microscopic sections are made. 


The effect of sulfhydryl inhibitors on the anaerobic glycolysis of scallop and thyone 
muscle. J. HARTING. 


Steinbach and Kawata (Federation Proc., 3: 46; 1946) reported that iodoacetate accelerated 
the rate at which a cut surface of scallop muscle changed to restore the normal membrane con- 
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ditions, as indicated by measurements of the injury potential. Since iodoacetic acid is known 
to inhibit metabolic processes by combining with the —SH groups essential for enzyme activity, 
it was decided to investigate the effect of the sulfhydryl inhibitors on the glycolysis of scallop 
muscle. The striated portion of the scallop muscle was teased into thin strips and suspended in 
van't Hoff’s artificial sea water, containing 0.0238 M NaHCoO,, 0.01 M glucose, and saturated 
with N.: CO, (95:5), pH 7.2. The rate of glycolysis was measured manometrically at 26° C. 
with N.: CO, as the gas phase. When the alkylating agents, iodoacetate -(0.001 M) and iodo- 
acetamide (0.005 M), were added twenty minutes before manometric readings started, there was 
inhibition of glycolysis (CO, output) about forty minutes later. When they were added one 
hour after the measurement of glycolysis started, there was a steady increase in CO, output, 
which continued for one to two hours. In contrast to scallop muscle, the glycolysis of thyone 
muscle was inhibited by iodoacetate whether it was added before or during the measurement 
of glycolysis. Iodosobenzoate (0.001 M), an oxidizing agent, and p-chloromercuribenzoate 
(0.001 M), a mercaptide-forming compound, produced an immediate increase in the glycolysis 
of scallop muscle. The increase in CO, evolution in the case of these reagents was inde- 
pendent of the time at which they were added. p-chloromercuribenzoate (0.001 M) also had 
a stimulating effect on thyone muscle. 


On the relation between oxygen consumption, fertilization membrane formation, 
and cell division in artificially fertilized Arbacia eggs. A. K. KettcH anp 
G. H. A. CLowes. 


Oxygen consumption of sperm fertilized Arbacia eggs is about 2.7 times that of un- 
fertilized eggs under present conditions of experiment. This investigation is to determine (1) 
whether the same ratio obtains for artificially fertilized eggs and (2) whether any such in- 
crease in oxygen consumption is associated with (a) formation of a fertilization membrane 
or (b) subsequent cell division, or both. 

Artificial parthenogenesis was accomplished by exposing unfertilized Arbacia eggs for 25 
minutes to sea water to which sodium chloride had been added to give a concentration equivalent 
to 1.05 M NaCl. The egg-containing hypertonic solution was then diluted with 30 volumes of 
sea water, the eggs allowed to settle, the supernatant fluid syphoned off, and the egg suspension 
once more diluted with 30 volumes of sea water, allowed to settle, decanted, and the eggs taken 
to a known volume of approximately 2 per cent. Equivalent concentrations of sperm fertilized 
eggs were subjected to the same series of procedures. Counts were made on both artificially 
and sperm fertilized egg suspensions, equivalent amounts were put in Warburg vessels for two 


TABLE I 


Oxygen consumption and per cent division of Arbacia eggs 
(A) sperm fertilized and (B) artificially fertilized 
(From previous work the oxygen consumption of unfertilized Arbacia eggs is 
from 1.5 to 1.7 c. mm. O2 per hour per 10 c. mm. eggs.) 


c. mm. Oe per 10 c. mm. eggs per hr. Per cent of eggs divided in 3 4% hrs. 
Exp. No. - -- - - —_—— — ———-~—- — — 
A B A B 
23 W 4.8 3.6 98 45 
24 W 4.7 4.3 98 45 
25 W 4.4 3.8 98 24 
28 W 5.9 6.0 98 24 
29 W 5.1 5.5 98 26 
30 W 5.3 | 5.5 98 18 
31 W : $2 5.0 98 24 
Average 5.1 4.8 


In all cases the eggs gave 98 to 100 per cent fertilization membranes. 
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hours to determine oxygen consumption, and samples were removed to determine extent of cell 
division. 

The following table indicates that oxygen consumption was approximately the same for 
artificially and sperm fertilized eggs. This is extremely interesting in view of the fact that 
while in both the artificially and sperm fertilized eggs membrane formation was from 98 to 100 
per cent, recognizable cell division never exceeded 45 per cent and was as low as 18 per cent 
in one set of artificially fertilized eggs. It appears, therefore, that the increase in oxygen con- 
sumption is associated with some change of condition of the eggs when the fertilization mem- 
brane has been formed and is not dependent on subsequent cell division. 


Effect of dinitrocresol on oxygen consumption and cell division in artificially fer- 
tilized as compared with sperm fertilized Arbacia eggs. A. K. Kettcn, C. P. 
WALTERS, AND G. H. A. CLoweEs. 


Certain substituted phenols stimulate oxygen consumption of sperm fertilized Arbacia eggs 
and, at concentrations giving optimum oxygen consumption, reversibly block cell division. 
This investigation is to determine whether the same effect is exerted on oxygen consumption 
and division of artificially fertilized eggs. 

Artificial parthenogenesis was accomplished as described in previous paper except that after 
25 minutes in hypertonic solution sample egg suspensions were diluted twice with 30 volumes 
sea water or sea water containing desired concentrations dinitrocresol before bringing egg 
suspensions to 2 per cent concentration. Equivalent samples of sperm fertilized eggs were sub- 
jected to the same series of procedures. .Egg counts were made and two-hour oxygen con- 
sumption determined for artificially and sperm fertilized series in sea water and various con- 


TABLE [| 


Stimulation by 4,6-dinitro-o-cresol of oxygen consumption of Arbacia eggs fertilized by 
(A) sperm and (B) artificial parthenogenesis 
The figures presented in the table represent values of the ratio: 


100. 


oxygen consumption of treated eggs 





oxygen consumption of control eggs 


Molar concentration DNC X 10-¢ 











Exp. No. —_—— - = — — - — 
0 4 8 16 32 64 
23 W 100 253 172 134 
24 W 100 246 +| +179 «+'|~ #160 
25 W / 100 236 151 | 119 
A 28 W 100 213 159 126 
29 W 100 182 152 134 
30 W | 100 173 217 230 ~—C sd 
31W 100 216 «=| 234 222 
Average 100 194 | 225 226 163 135 
23 W 100 | 201 175 
24 W 100 266 | 214 +| 178 
25W 100 161s | 132 120 
B 28 W 100 197 144 | 109 
29 W 100 170 152 120 
30 W 100 155 199 195 


31 W 100 200 227 206 


Average 
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centrations of dinitrocresol, counts made to determine extent of division, and samples returned 
to sea water to ascertain extent of recovery. 

The accompanying table shows that various concentrations of 4,6-dinitro-o-cresol gave ap- 
proximately the same percentage increase of oxygen consumption in artificially and sperm 
fertilized eggs. Furthermore, the block to cell division occurred at the same concentrations of 
4,6-dinitro-o-cresol and also of 2,4,6-trichlorophenol in artificially and sperm fertilized eggs. 
However, when feturned to sea water after three hours’ exposure to reagents, sperm fertilized 
eggs showed 100 per cent recovery in all concentrations, whereas artificially fertilized eggs ex- 
posed to higher concentrations developed only to an abnormal, many-cell stage. 


Urea excretion in the smooth dogfish. Rupotr T. Kempton AND BuRTON 
STECKLER. 


Study of urea reabsorption by the kidneys of the smooth dogfish has yielded preliminary 
data indicating the magnitude of the reabsorptive process. As is well known, the elasmobranchs 
utilize high levels of blood urea as a mechanism of keeping their blood isotonic with sea water. 
The reabsorption of urea is a fundamental part of the method of maintaining this high blood 
level. 

Inulin clearance was used as a measure of glomerular filtration. Simultaneous urea clear- 
ance permits the calculation of the behavior of kidney in relation to urea as well as to water. 

In the series of experiments the plasma level of urea (plus ammonia) nitrogen averaged 
961 mgm.%, the equivalent in urea of more than 2 per cent. Plasma rather than whole blood 
determinations were made due to the impermeability to urea of the red cells of this species. 
Urine urea (plus ammonia) levels ranged from 24 to 73 per cent (average 48 per cent) of the 
plasma concentration. This fact gives clear indication that urea reabsorption is due to the 
activity of cells rather than to a passive back diffusion. 

While from 27 to 74 per cent (average 60 per cent) of the water in the filtrate was being 
reabsorbed, from 72 to 92 per cent (average 82 per cent) of the filtered urea was reabsorbed. 
The data thus far do not indicate any clear correlation between the two processes. 

Calculations of the amount of reabsorption per 100 ml. of filtrate yield a comparatively 
constant value, ranging from 710 mgm. to 922 mgm. (average 808 mgm.). 

On the basis of these and earlier data on water reabsorption it is provisionally concluded 
that under the experimental conditions there is considerable variation in the number of active 
nephrons, both in different animals and in the same animal at different times. Further experi- 
ments are to be conducted to determine the limits of urea reabsorption and to determine whether 
this process is related to the reabsorption of other materials such as water and reducing sugar. 


The transient response of luminous bacteria to sudden temperature increments and 
related experiments on drug action and protein denaturation. G. L. KREEZER 
AND E. H. KReezer. 


In a linear physical system, the determination of its transient response to a sudden dis- 
turbance supplies information about the internal organization of the system not obtainable from 
static measurements. The transient response refers to that portion of the response during 
which the system is changing from a preceding steady-state to that following the disturbance. 
The present experiments were undertaken to test the usefulness of such determinations of 
transient response in non-electrical biological systems. Suspensions of luminous bacteria (Achro- 
mobacter fisherei) were subjected to sudden increments of temperature, and the rate of tem- 
perature rise and the associated rise in the brightness of the suspension recorded with amplifier- 
oscillograph equipment. These records show a definite lag in the luminescent response behind 
temperature. Supplementary experiments and computations indicate that the lag cannot be 
attributed to a lag in heat transmission through the suspension, or through the bacterial cell 
membrane. It seems necessary to attribute it to a lag occurring in the chain of chemical reac- 
tions underlying bioluminescence. Various chemical hypotheses are considered. 

Preliminary experiments were also performed on the transient decay of luminescence asso- 
ciated with the sudden application of various drugs (ethyl alcéhol, urethane, sulphanilamide). 
Transient response curves were obtained with time constants of the order of fractions of a second. 
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The results thus suggest that this procedure may provide a useful method for measuring the 
rate of action of drugs on living cells. 

In order to investigate similar phenomena in purely chemical systems, protein solutions were 
selected as offering suitable material. Preliminary experiments upon dilute solutions of serum 
albumin show that sudden increments of temperature produce an immediate and progressive 
increase in the turbidity of the solution, followed by apparently complete reversal on cooling. 
Further experiments on the “denaturation response curves” of different proteins, and the re- 
sponse to different denaturing agents are in progress. (These experiments were aided by a 
grant from the Penrose Fund of the American Philosophical Society.) 


The effect of sinus gland extract on certain enzyme systems. Et toise Kuntz. 


The endocrine function of the crustacean sinus gland has been well established by numerous 
studies of its diverse effects on intact animals. This is a preliminary report on the effect of 
sinus gland extract on enzyme systems. 

Extracts were prepared by suspending the glands in water, crushing them and then freezing. 
Several hours before use the extract was thawed and stored in the refrigerator. The animals 
used were lobsters, Homarus americanus, and the spider crabs, Libinia dubia and L. emarginata. 

The ability of tissue homogenates to utilize 2-6-dichlorophenol indophenol as a hydrogen 
carrier was measured and found to be no greater in the presence of sinus gland extract. One of 
the principal cellular constituents capable of reducing this dye is glutathione. The addition of 
an extract of sinus gland doubled the reducing ability of glutathione. Sinus gland extract alone 
did not reduce the dye. This suggested that the hormone may serve as a hydrogen carrier by 
reducing active groups such as sulfhydryls. 

The coupled oxidation-phosphorylation by a homogenate of Libinia ventral nerve ring from 
eyestalkless animals has also been studied. In a system containing homogenate, adenylic acid, 
glutathione, arginine and inorganic phosphate the oxidation of Na succinate was used to supply 
the energy for the formation of arginine phosphate. This system binds inorganic phosphate in 
the presence of oxygen. The rate of phosphate uptake is enhanced by the presence of sinus 
gland extract. In the absence of glutathione or oxygen organic, phosphate is hydrolyzed to 
phosphoric acid. In this reaction, too, the addition of sinus gland extract accelerates the 
breakdown of phosphate. These experiments indicate that sinus gland extract acts as an 
accelerator in both cases, but it apparently does not affect the direction of the reaction. 


Germ cell formation of Tubularia crocea with special reference to the germ plasm 
theory. C.K. Liv. 


The formation of the male and female germ cells of the hydroid Tubularia crocea has been 
studied with a view to test the germ plasm theory. In contradiction to Weismann’s hypothesis, 
the germ cells are of endodermal origin instead of ectodermal. No interstitial cells are involved 
in their formation, and there is neither early segregation nor migration of germ cell. The 
entocodon is formed by an apical proliferation and subsequent delamination of the endoderm 
of the gonophoral bud, which is nothing but an extension of the body wall of the hydranth. 
From the entocodon the germ mass is differentiated. The latter, however, has been found to 
develop not only into germ cells but also into scattered septum cells, which are not germinal, 
but somatic. The “germ plasm” therefore is originated from somatic cells and in turn gives 
rise to somatic cells in addition to germ cells. Regeneration experiments further indicate that 
the general somatic cells throughout the length of the stalk have the potentiality of forming 
functional germ cells, male or female. All these go to prove that the “germ plasm” and soma 
remain permanently mixed with each other in the stalk tissue, and such a distinction is far- 
fetched and meaningless. The result of this study is therefore incompatible with the germ 
plasm theory. 


Observations on the hemolytic action of urea and sodium salicylate. Lois H. 
Love, W. E. Love anp M. H. Jacoss. 


It has been suggested by Wilbrandt that the primary action of certain hemolytic agents on 
erythrocytes is a denaturation of proteins of the cell surface, resulting in a permeability to 
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cations followed by osmotic hemolysis, through the operation of the Donnan equilibrium. Ob- 
servations were accordingly made on the hemolytic action of two agents known to be efficient 
protein denaturants, namely, urea in high concentrations and sodium salicylate. In general, 
both substances proved to be much more difficult to work with than butyl alcohol and sodium 
tautocholate, the behavior of which is discussed elsewhere. Part of the difficulty was due to 
the production of internal changes in the cells, which sometimes very obviously affected their 
osmotic properties ; part of it was due to the smallness of the difference in the exposures required 
to produce permeability to Na ions, on the one hand, and to sucrose molecules, on the other. 
With sufficient patience, however, it was possible with both agents to prepare cells which showed 
several of the osmotic characteristics of cation-permeable erythrocytes already discussed, namely, 
(1) hemolysis in NaCl and preservation in sucrose solutions, with a marked protective action 
of sucrose in mixed solutions, (2) a minimum rate of hemolysis in NaCl solutions at a pH 
near the isoelectric point of hemoglobin, and (3) a strong and rapid shrinkage of cells treated 
in NaCl or a mixture of NaCl and sucrose on being placed in pure sucrose isosmotic with blood. 
The shrinkage in a sucrose solution of this concentration was several times observed to restore 
to visibility erythrocytes that had already swollen to the point of invisibility, thereby giving rise 
to a type of “reversible hemolysis” somewhat different from the common one in which shrinkage 
is produced by a sudden increase of the osmotic pressure of the external solution. 


Effects of thiourea and phenylthiourea upon the development of Plethodon cinereus. 
W. GarpNerR Lynn. 


The Red-backed Salamander is unusual among amphibians in that it lays large-yolked, 
terrestrial eggs and has no aquatic larval stage. During development certain larval characters, 
such as external gills, appear transiently but these degenerate before hatching and the young 
salamanders emerge from the egg with the adult body form. In view of the well-known im- 
portance of the thyroid hormone in the metamorphosis of the larvae of ordinary amphibians, a 
study of the réle of the thyroid in the precocious metamorphosis of Plethodon was undertaken 
through the use of thyroid-inhibiting drugs. 

Fifteen clutches of eggs were collected between July 2 and July 14 in rotting logs in the 
Devil’s Lane Tract near Woods Hole. At the early limb-bud stage the jelly layers and vitelline 
membranes were removed and, for each clutch, some eggs were kept in tap-water while others 
were kept in 0.01 per cent thiourea or in 0.005 per cent phenylthiourea. Control animals devel- 
oped normally and underwent gill resorption and other metamorphic changes on about the 25th 
day. Experimental animals in both solutions retained the gills, failed to shed the larval skin 
and showed no differentiation of eyelids as long as treatment was continued. Cessation of 
treatment was followed by metamorphosis; gill resorption beginning within three days. It 
appears that, in Plethodon, the later stages of intra-oval life constitute a metamorphosis which 
is under thyroid control. By inhibition of the thyroid the metamorphic changes can be pre- 
vented and an “aquatic larva” is thus produced in a salamander which normally has no such stage. 

An additional effect of phenylthiourea was a depigmentation of the embryo involving both 
the skin and the pigmented coat of the eye so that animals kept in this drug were entirely with- 
out color. This effect is probably to be attributed to failure of melanin production through 
inhibition of tyrosinase. 





Are —SH groups involved in the penetration of glycerol into human red cells? 
A. K. Parpart, E. S. G. BArRRon AnpD T. Dey. 


The apparent rate of penetration of glycerol into human red cells, as studied by hemolysis, 
is delayed by a number of compounds that inhibit the action of —SH groups (parachlormer- 
curicbenzoate; Hg; chlorpicrin; Cu). Other inhibitors have no such effect (paracarboxy- 
phenylarsenoxide ; Cd; iodosobenzoate; iodoacetamide). Volume change methods for the study 
of the penetration of glycerol did not show any inhibition, except in the case of Cu. It is sug- 
gested that those inhibitors which are active do so through their action on the outward diffusion 
of hemoglobin in the hemolysis studies. Human red cells exposed for 30 minutes to para- 
chlormercuricbenzoate also show a delay for water and ethylene glycol hemolysis; a further 
confirmation of the above suggested mode of action. 
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A comparison of the energy requirements of the sand dollar and sea urchin eggs. 


W. A. Rossie. 


With respect to maintenance and the process of cleavage, marine eggs may be classified into 
three groups: (1) those that demand respiratory energy for both maintenance and cleavage; 
(2) those that need oxygen for cleavage but will survive without it; and (3) those that will 
both divide and survive under anaerobic conditions. These metabolic characteristics of the 
developing egg may be studied by experiments at low oxygen tensions or by cyanide inhibition 
of the heavy metal enzyme systems responsible for respiration. 

The sand dollar, Echinarachnius parma, is a good example of the type of egg that requires 
an aerobic system for both cell division and maintenance. Arbacia represents the second type, 
and Fundulus will survive and cleave in cyanide or in the low-oxygen bottom mud which is its 
usual environment. Experiments on Echinarachnius at the Mount Desert Island Biological 
Laboratory and on Arbacia at Woods Hole show that respiration and cell division are inhibited 
in both by low concentrations of cyanide. The striking difference is in the irreversibility of 
inhibition of respiration in the sand dollar egg, whether by oxygen lack or cyanide. One-half 
hour in one ten-thousandth molar cyanide results in eventual cytolysis of most of the eggs, 
whereas Arbacia will withstand 24 hours with no apparent ill effects. The coincidence of this 
cytolysis with the point of marginal inhibition of respiration by cyanide suggests that a meta- 
bolic factor is involved. 

The difference in the behavior of the Echinarachnius and the Arbacia egg may be due to 
the activity of a glycolytic system, since it has been shown that Arbacia eggs in cyanide produce 
lactic acid. This glycolytic process perhaps provides enough energy to maintain the egg during 
the period of respiratory inhibition. Glycolysis measurements on Echinarachnius have not yet 
been made. 


A new peritrich from Woods Hole. M. A. Rupzinska. 


During the month of August, while making daily inspections of material from live cars 
immersed in the Eel Pond, I found a peritrichous ciliate not yet described. Observations were 
limited due to the fact that only three individuals were found. 

These three ciliates, about 0.2 mm. long, were attached to a tiny smooth stick with trans- 
verse stripes. The body form is cup-like and narrower at the anterior and posterior ends. The 
anterior region is conspicuously ciliated with one ring of long cilia which surround a very 
large cytostome. The cilia are in continuous movement. There is one contractile vacuole 
located near the cytostome. The posterior end has two pseudopodia like lamellae by which 
it is attached to the stick. The body is not contractile. 

These forms have a very unique movement along the stick. They go from one end of 
the stick to the other, stopping when they reach the end of the stick and then returning the whole 
length again. The form of the body does not change during this movement, nor do any con- 
tractions of the lamellae, by which they are attached, occur when they move. The motion is 
like a smooth, constant sliding. When removed from the stick they affix to the slip and stop 
moving. Only the cilia of the cytostome retain their movements. 

The above described, very characteristic motion was also observed by Dr. A. A. Schaeffer, 
and Dr. W. D. Burbanck. It is interesting to note that the individuals seen by these men were 
attached to the same sort of stick that I have described. 

It seems to me that the described peritrich belongs to the family Scyphididae Kahl because 
the posterior end is without stalk and they stick to objects by attaching lamellae. It is a new 
genus and a new species. 

I only had this material for a short time, and did not make stained preparations. More de- 
tails of the construction of the body will help to explain the unusual type of movement. 


Androgenetic males and X-ray induced cytoplasmic injury. ANNA R. WHITING. 


Unlaid eggs of wild type Habrobracon juglandis females X-rayed in first meiotic metaphase 
(lethal dose 2,200 r), if unfertilized, develop into wild type haploid gynogenetic males; if 
fertilized by untreated sperm with recessive factors they develop into wild.type diploid females 
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or recessive haploid androgenetic males. Unlaid eggs X-rayed in first meiotic prophase (lethal 
dose 48,000 r) behave in the same manner except that no androgenetic males are produced. 
Androgenetic males appear to arise through retardation of the egg pronucleus by chromatin 
bridges, numerous after treatment of metaphase I. These bridges are formed but rarely after 
treatment of prophase I and, when present, are not numerous enough to retard female pro- 
nucleus. In spite of the extreme sensitivity of metaphase I eggs, androgenetic males develop 
in them when they are irradiated with doses up to lethal for prophase I, about twenty-two times 
their own lethal dose. At doses above this none has been produced. Their number decreases 
as the prophase I lethal dose is approached. This indicates cytoplasmic injury at high doses. 
Two factors, then, are involved in development of androgenetic males, (1) injury to the egg 
chromosomes favoring their production, (2) injury to the cytoplasm inhibiting it. The dose 
at which these two effects “cross,” marked by highest production of androgenetic males, is about 
12,000-15,000 r. At about 48,000 r cytoplasmic injury completely dominates the former. 


Action of X-rays on mating types and conjugation of Paramecium bursaria. 
RALPH WICHTERMAN. 


Opposite mating types of the green Paramecium, P. bursaria, highly reactive for the mating 
reaction were irradiated in celluloid boats at dosages ranging from 100,000 to one million roent- 
gens. Irradiation affects the mating reaction, destroys the zoOchlorellae and delays and lengthens 
conjugation. 

When opposite mating types are irradiated up to 300,000 r and mixed, only small clumps 
of usually less than a dozen paramecia are formed instead of the large clumps of a hundred or 
more shown in the controls. The mating reaction does not result in the immediate formation of 
joined pairs in conjugation after irradiation. However on the day following irradiation, small 
clumps are formed again which then result in conjugating pairs for those irradiated up to 
200,000 r; a second day must elapse for conjugation to occur in those irradiated with 300,000 r. 
When paramecia of one mating type are irradiated up to 300,000 r and mixed with unirradiated 
paramecia of the opposite mating type, clumping occurs similar to that of the controls but 
does not result in conjugation until the following day. When both mating types are irradiated 
with 400,000 r and 500,000 r respectively and mixed, the mating reaction is slower and the 
number of paramecia in clumps smaller. The mating reaction is temporarily stopped with 
600,000 r, but small clumps are formed three days after irradiation. In these higher dosages, 
the conjugation lag increases; with mating types irradiated with 600,000 r, conjugating pairs 
are not formed until 12-14 days after irradiation although clumping occurs earlier. 

Animals of opposite mating type when irradiated with 700,000 r and then mixed show no 
mating reaction but do so when mixed with unirradiated paramecia of opposite type. At this 
dosage and up to one million roentgens paramecia live for a time but do not survive. At 600,000 
r and less, many paramecia not only survive but after a lag period have a fission rate similar to 
the controls. 

A method is now available for obtaining colorless, zodchlorellae-free races of P. bursaria 
which occur with rarity in nature. Dosages of 300,000 to 600,000 r destroyed the zodchlorellae 
and when the irradiated specimens were isolated, new clones of zodchlorellae-free paramecia 
were obtained. After two weeks, these clones of irradiated and colorless P. bursaria of a 
given sex type were mixed with typically green specimens of opposite sex type. Mating and con- 
jugation followed. The sex type of irradiated zodchlorellae-free paramecia was the same as 
before irradiation. 

Unirradiated paramecia not only survive but reproduce in clone cultures which had been 
irradiated with one million and less roentgens, hence such fluid does not appear to be toxic 
to the organisms. 

There is clear evidence of a difference in susceptibility to roentgen rays in the mating types 
tested. 

Irradiated conjugants (300,000 r) remain together much longer in sexual union than 
those of the controls; a small percentage are unable to survive. 

Dosages of 100,000 r stimulate activity of the paramecia but higher ones progressively re- 
tard locomotion, markedly increase the viscosity of the cytoplasm and produce small, clear 
vesicles (hyaloplasm) on the pellicle which then pass into the culture medium. 
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Effect of temperature on light absorption by the cell-free coelomic fluid in Phasco- 
losoma gouldii. CHuartes G. WILBER AND RutH P. ALSCHER. 


Very little is known concerning the physical characteristics of invertebrate body fluids. 
In an attempt to ascertain the relationship of invertebrate fluids to those of higher animals, a 
series of experiments was made to test the effect of heating on the absorption of light by the 
cell-free coelomic fluid in Phascolosoma gouldii. Coelomic fluid was removed from the worms, 
centrifuged, and the cell-free supernatant fluid sealed in carefully matched soft glass test tubes. 
Some of the tubes were heated for 5 minutes in a carefully controlled water-bath at temperatures 
from 24° C. to 90° C.; others were heated at similar temperatures for 20 minutes. The ab- 
sorption of light by the heated fluids was compared with that of distilled water in an electric 
photometer. If the value recorded on the photometer is plotted against temperature, evidence 
of a decrease in light absorption at about 40° C. followed by an increase beginning at 50° C. is 
obtained. A graph obtained by plotting optical density against temperature indicates that the 
density decreases at about 40° C. but suddenly increases rapidly at about 50° C. Apparently, 
there are 2 critical temperatures for the cell-free fluid in Phascolosoma: (1) 40° C. above which 
heating brings about a decrease in particle size, with resulting decrease in light absorption; (2) 
50° C. above which particle size is increased, with resulting increase in light absorption, pos- 
sibly by intramolecular hydration. The consistent preliminary decrease in absorption of light 
between 40° and 50° C., which is found in the fluid of Phascolosoma, does not obtain in horse 
serum (see DuNouy, 1945, The critical temperature of serum). 


Observations on the hemolytic action of sodium taurocholate. Marian WILLIs, 
W. E. Love anp M. H. Jacoss. 


The effects of hemolytic concentrations of sodium taurocholate on mammalian erythrocytes 
can be stopped short of hemolysis by suitable dilution with 0.3 M sucrose. Cells so treated 
can be kept with little change for hours. They show permeability to non-electrolytes that can 
be regulated within fairly wide limits by the concentration of taurocholate employed and to a 


lesser extent by the length of exposure. Too great an exposure may produce a permeability 


even to sucrose. 

Taurocholate-treated cells give osmotic evidence in the following ways of an induced perme- 
ability to cations, the degree of which can also be varied by the character of the exposure: (1) 
immediate rapid shrinkage in pure sucrose solutions isosmotic with blood, (2) swelling and 
hemolysis in NaCl solutions of any strength, (3) a protective effect in NaCl solutions of low 
concentrations of sucrose, (4) shrinkage followed by recovery to more than the original volume 
on the addition of concentrated NaCl to cells in an appropriate mixture of NaCl and sucrose, 
and (5) a minimum rate of hemolysis of previously treated cells in NaCl solutions near the iso- 
electric point of hemoglobin. 

While the swelling of cation-permeable cells is favored by increasing alkalinity above the 
isoelectric point of hemoglobin, as demanded by the Donnan principle, the production of a con- 
dition of cation-permeability by taurocholate falls off rapidly as the pH rises. The simultaneous 
existence of these two dissimilar types of action results in a somewhat complex overall pH 
effect. It also explains the observation of Ponder that according to the time of its addition 
alkali may either increase or decrease the rate of taurocholate hemolysis. 


Native protein networks and biological morphology. DorotHy WRINCH. 


A major problem of biological morphology is the explanation of the relationship between 
the characteristic gross morphology or “habit” of an organism and its atomic structure. In 
mineralogy there is a comparable passage from the world of angstroms and the atomic pattern 
of a crystal to the visible level and crystal “habit.” A possible approach to the biological prob- 
lem may be suggested according to which the parallel use by biologists and mineralogists of the 
term habit is not just a coincidence, but the key to the problem. 

According to the native protein theory of the structure of cytoplasm, (1) the essential 
entity is a network of protein units of low connexity running throughout the organism, unicellular 
or multicellular, the plasma membrane of each cell being a localized “skin” of higher connexity ; 
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and (2) the interlinkings of the protein units, with or without non-protein units as inter- 
mediates, are of the degree of precision achieved by intermolecular associations in crystals 
(Wrinch, Cold Spring Harbor Sym., 9: 218; 1941; Collecting Net, 17: 83; 1942). We now 
suggest that the non-protein material secreted, e.g., the successive siliceous shells of diatoms, 
and cellulose shells of desmids, the calcium carbonate shells of corals, are laid down on the 
plasma membranes with the same crystal-like precision, so that such structures may be viewed 
as intergrowths onto the underlying network of functional proteins, on which biological specific- 
ity depends, of essentially the same structural nature as the intergrowths of inorganic crystals 
(¢.g., quartz onto calcite). i 

The “symmetry” of living organisms discussed by biologists in the branching of trees and 
corals, phyllotaxis, etc., is not symmetry in the classical sense: the actual point symmetry in 
each such case is a totally inadequate description of the morphological situation. Rather is it 
of the type encountered in such complex intergrowths as the dendritic forms, frequently en- 
countered with gold, copper and other species, especially those belonging to the cubic system 
(Dana’s Mineralogy, 1922; p. 173). As is well known, twins and other mineral intergrowths 
are, in many cases, direct indications of a major atomic theme of high symmetry (Wrinch, 
Am. Mineral, in press). Correspondingly a diatom shell is, like a snowflake, a significant 
complex of intergrowths, not a single crystal. Its biological essence resides in its relation to 
the underlying atomic patterns of the proteins in the plasma membrane and a cubic skeleton for 
protein molecules (Wrinch, Biol. Bull., 89: 192; 1945) provides living matter with just such 
a major theme. 


PAPERS READ BY TITLE 


Permeability of eggs of Arbacia punctulata to radioactive phosphorus. Putiip H. 
ABELSON. 


Studies have been made of the permeability of unfertilized and fertilized eggs using radio- 
active phosphorus. Eggs in batches of 100,000, obtained by the conventional techniques, were 
exposed to filtered sea water containing 5.8 X 10-° mg. phosphorus in the form of Na.HPO, 
per 100 cc. for varying periods of time. Aliquots of the eggs were washed four times under 
conditions which insured removal of all supernatant solution and freely diffusible phosphate. 
In the case of fertilized eggs, studies were made both at 10° C. and at 23° C. In addition the 
effect of a metabolic poison—4—6 dinitro-o-cresol—was observed. The generalized conclusion 
was that phosphorus take-up of the eggs was quite closely connected to cellular activity. Thus 
the amount of phosphorus taken up by the fertilized eggs was 40-fold greater than that of 
unfertilized eggs. It is interesting to note that oxygen metabolism has been found to differ by 
only a factor of three in this case. At 10° C. the amount of phosphorus found in the eggs was 
only one-seventh that found for a similar exposure at 23° C. As is well known the relative 
times for first cleavage are also about the same factor different. When 1.6 X 10-5 molar 46 
dinitro-o-cresol is present oxygen metabolism is about doubled while cell division is almost 
stopped (Krahl, M. E., and G. H. A. Clowes, Jour. Gen. Physiol., 23: 413; 1940). Under 
these circumstances phosphorus take-up was diminished by a factor of six. A survey of the 
fate of the radioactive phosphorus taken in at 23° C. showed that most went into the “acid 
soluble fraction” (phosphorus compounds soluble in 5 per cent tri-chlor acetic acid). With 
short exposures to radioactive phosphorus the “acid soluble fraction” contained ten times as 
much activity as the “acid insoluble fraction.” Most of the “acid soluble fraction” was in the 
form of organic phosphate. One interesting feature was that the phosphorus uptake did not 
increase immediately after fertilization. A transition period of seven to ten minutes elapsed in 
which a new level of phosphorus intake was attained. One hour after fertilization the amount 
of traced phosphorus per million eggs (74 diameter) was 1.0 X 10-3 mg. The rate of in- 
crease was 2.0 X 10-8 mg. per million per hour. This rate remained constant during the next 
four hours. 


Photosynthesis of Ulva. Mary Bette ALLEN. 


The green marine alga Ulva lactuca has been found to possess properties which make it a 
highly desirable organism for studies of photosynthesis. Thallae can easily be washed free of 
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possible bacterial contamination and cut into small pieces for manometric measurements. The 
maximum rate of photosynthesis in 0.1 M KHCO, in sea water is 2.5 mm.? oxygen/min./y 
nitrogen, as compared with 0.03 mm.’ oxygen/min./y nitrogen under similar conditions for the 
algae commonly used in physiological studies, Chlorella pyrenoidosa and Scenedesmus obliquus. 
The respiration of freshly collected samples is less than one per cent of photosynthesis, while 
in Chlorella and Scenedesmus respiration is 5-10 per cent of photosynthesis. When Ulva is 
kept in the laboratory for several days, even in running sea water, the rate of photosynthesis 
drops and respiration increases. Fresh samples are extremely resistant to cyanide, photo- 
synthesis being unaffected by 0.001 M KCN and only 60-75 per cent inhibited by 0.01 M KCN. 
Old samples, with lower rates of photosynthesis, are more cyanide sensitive. 

When a sample of Ulva which has been illuminated is placed in the dark, evolution of 
oxygen and uptake of carbon dioxide continue. The rate of oxygen evolution and carbon di- 
oxide absorption slowly falls off in the dark, the time required for decay depending on the rate 
of photosynthesis. Two hours is required for the gas exchange of a fresh sample to fall to 
zero in the dark, while with old samples the effect is over in 10-15 minutes. The photo- 
synthetic quotient measured by the Warburg indirect method is 1.05 + 0.06 during illumination 
and 0.98 + 0.03 during the period of oxygen evolution and carbon dioxide uptake in the dark 
following illumination. The intermediates of photosynthesis in Ulva must therefore be much 
longer lived than those in most plants, perhaps because they are not as rapidly removed by 
respiratory reactions. 


Chromoproteins in the tentacles of Physalia. Eric G. BALL AND Octavia Cooper. 


In a study initiated to learn the nature of the toxic substance present in the stinging ten- 
tacles of Physalia several chromoproteins have been separated. The ground tentacles are ex- 
tracted with water, centrifuged, and to the turbid bluish black supernatant ammonium sulfate 
is added to 35 per cent saturation. A heavy purplish-brown precipitate is centrifuged off. 
Further fractionation of this precipitate or characterization of its color has proved difficult. 
The bluish-green supernatant is brought to 60 per cent saturation with (NH,).SO, and centri- 
fuged. The colored precipitate is dissolved in water and dialyzed until salt free. A light blue 
precipitate forms, leaving a clear yellowish-green supernatant. 

The blue precipitate can be dissolved in 0.9 per cent NaCl solution to give a slightly turbid 
solution with an absorption peak at 580-600 my. Acid ethyl alcohol added to the blue precipi- 
tate denatures the protein and yields a clear green solution with absorption maxima at \ 700 my 
and 370 my. Treatment of the blue protein precipitate with neutral ethyl alcohol denatures 
the protein but extracts very little color. Extraction of the precipitate now with 0.1 M phosphate 
buffer, pH 6.8, yields a clear blue solution of the prosthetic group with a well defined absorp- 
tion peak at A 585 my. This suggests that the blue form of the prosthetic group exists as a 
salt and that its combination with protein may involve a salt linkage. Tests for Cu and Ni gave 
negative results. 

The greenish-yellow solution obtained after dialysis shows an absorption peak at \ 450 my 
All attempts to obtain its prosthetic group in solution free of its protein carrier lead to com- 
plete destruction of the color. 

Solutions of both of these colored proteins exhibit lethal properties upon injection into 
Fundulus. Heat destroys these toxic properties. However, proof that the toxic action of the 
tentacles is due to these chromoproteins must await further work. 


Effects of hydrogen ion concentration and of certain buffer systems upon the 
luminescent reaction of Cypridina luciferin and luciferase. AURIN M. CHASE. 


Luciferin, extracted from the ostracod crustacean, Cypridina hilgendorfii, was carried 
through two cycles of purification by Anderson’s procedure (Jour. Gen. Physiol., 19: 301; 
1935. Luciferase, from Cypridina, was partially purified by dialysis. 

The luminescent reaction, measured by Anderson’s method (Jour. Cell. Comp. Physiol, 
3: 45; 1933), was studied from pH 5.5 to 8.7. Three buffer systems were used: KH,PO,- 
Na:HPO,, NaH,PO,-Na.HPO, and KH,PO,-K,.HPO,; all 0.067 M for phosphate and 0.01 M 
for sodium chloride. Attempts to extend the pH range with borate and barbiturate buffers 
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were abandoned because the borate radically altered the luminescent reaction and the barbiturate 
abolished it. 

Two distinct effects of pH were found, one upon the total light of the reaction and the 
other upon the first order reaction velocity constant. 

Total light decreased with increasing pH, to a value at pH 8.7 about 20 per cent of that 
at pH 5.5 This effect was not due to non-luminescent oxidation of part of the luciferin during 
the reaction as in the case of temperature (Chase and Lorenz, Jour. Cell. Comp. Physiol., 25: 53; 
1945), but apparently to a specific effect of pH upon the light-emitting system analogous to 
salt effects found by Anderson (Jour. Amer. Chem. Soc., 59: 2115; 1937). 

The velocity constant of the reaction was maximal at about pH 7.2. It decreased to about 

50 per cent of the maximal value at pH 8.7 and to about 15 per cent of the maximal value at 
»H_ 5.5. . 
At any given pH the velocity constant of the reaction (but not the total light) was affected 
by the sodium: potassium ratio of the phosphate buffer. For example, at pH 6.8 the velocity 
constant was measurably greater with the KH.PO,-K.HPO, buffer or with the NaH.PO,- 
Na.HPO, buffer than with the KH,PO,-Na,HPO,. This would seem to indicate some sort 
of sodium-potassium antagonism in this enzyme system. 


Retardation of Arbacia egg cleavage by dinoflagellate-contaminated sea water (red 
tide). Ivor CoRNMAN. 


Two specimens of “red tide” were generously supplied by Dr. P. S. Galtsoff, Director of 
the U. S. Fisheries Laboratory, Woods Hole, Massachusetts. 

An untreated decomposing sample of sea water taken from an area stained red by 
Gymnodinium when diluted 1:10 retarded Arbacia egg cleavage by one hour—100 per cent in- 
crease in cleavage time—if added 10 minutes after fertilization. When most of the H.S was 
pulled off with a vacuum pump, the delay at 1:10 was only 3 minutes and at 1:5 was 15 
minutes. Four days later all odor of H.S was gone, but retardation was essentially the same, 
9 per cent at 1:10 and 27 per cent at 1:5. Cytolysis resulted from exposure to 1:2. This 
inhibitory potency is equal to that of crude filtrate from some Penicillium cultures. This sea 
water sample killed Fundulus in 2 hours at 1:2 and in 5% hours at 1:10. A “red tide” plank- 
ton sample suspended in sea water and preserved with CHCl, was evacuated until no odor of 
CHCl, remained. At 1:10 this retarded cleavage 10 minutes. Fundulus in this sample diluted 
with an equal part of sea water lost equilibrium and became sluggish in 2 hours, and in 6 hours 
at 1:10. They recovered motility in fresh sea water, but subsequently died. There appears to 
be some parallel between the toxicity to fish and to dividing eggs, but whether the same poison 
acts upon both and whether decomposition plays an important role remain to be determined. 
Studies conducted near the site with fresh samples of sea water and dinoflagellates should 
prove more helpful if uncontaminated test organisms are available. 


Abnormalities of mitosis in tail-tips of Triturus torosus. DoNatp P. CostELLo 
AND CATHERINE HENLEY.’ 


The material of this study consisted of 485 larvae developing from a batch of eggs of 
Triturus torosus shipped by express from Stanford University, California to Chapel Hill, North 
Carolina, in the usual type of thermos jug used for embryological materials. These larvae 
were raised under normal laboratory conditions. At the appropriate stage, the tails were clipped 
and prepared as whole mounts for cytological examination. Three additional successive clippings 
of the regenerated tails of the surviving larvae were performed at approximately 12-day in- 
tervals, during the period of daily feedings following yolk resorption, giving a total of 1,252 
tail-tip preparations. The first regenerates are the best preparations. These (and others) 
show an unusually high percentage of cytological abnormalities of the types described by Al- 
berti-Politzer (1923, 1924) after X-ray treatment of the corneal epithelium of Salamandra 
maculosa. The resting nuclei are of various sizes and forms, making it impossible to use 
nuclear size as a criterion of heteroploidy. Fragmentation of resting nuclei, and nuclear necro- 
sis, with the production of numerous small basophilic areas, are among the causes of variation 


1 Aided by a grant from the Carnegie Research Fund of the University of North Carolina. 
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in nuclear size. Numerous mitotic abnormalities were also observed. These include: multi- 
polar spindles; spindles from which chromosomes have been lost; lagging chromosomes and 
lagging or lost chromosome fragments at anaphase; bridges between anaphase or telophase 
chromosome groups, or between daughter nuclei; basophilic granules (chromatin?) outside 
spindle, etc. The chromosomal condition of these tail-tips includes euploidy and aneuploidy, a 
remarkable number showing mosaic areas. A preliminary survey of these mosaics reveals at 
least the following types: haplo-diploid; hypodiplo-diploid; hyperdiplo-diploid; diplo-triploid ; 
diplo-tetraploid; diplo-pentaploid; diplo-hexaploid; diplo-octoploid. 

Before attributing these cytological anomalies to any specific cause it is necessary to make 
a survey of natural heteroploidy in material collected and fixed in California. 


A new form of the hydroid Stylactis. Sears CROWELL. 


Stylactis arge Clarke and S. hooperi Sigerfoos have not been critically compared so there 
is doubt as to their specific distinctness (for references see C. M. Frazer, Hydroids of the 
Atlantic Coast of North America). In late July this year Mr. Milton Gray collected and 
brought me a specimen of Stylactis, found growing on a Mytilus shell at Woods Hole. I have 
compared it with specimens on shells of Nassa (Ilyanassa) obsoleta. 

In the following respects it differs from the typical S. hooperi as observed on Nassa: (1) 
Spines are absent. (2) The tentacles may be visualized as “. . . arranged in two verticils .. . 
those of the lower circlet sometimes shorter than those of the upper one,” as described for S. 
arge by Clarke. (3) Gonophores are not directly below the tentacles but about one-third the 
distance from tentacles to base, as indicated in Clarke’s figures of S. arge. (4) Tentaculo- 
zooids, not hitherto reported in the genus, are scattered among the other hydranths. These 
zooids are not enlarged terminally, not capable of forming a spiral, and not so long, when 
extended, as the largest gastrozooids. 

The specimen differs from S. arge of Clarke in having shorter hydranths than his illus- 
trations indicate, and more tentacles than he states are present. However, his description is 
equivocal on both points. 

The specimen may be interpreted in one of three ways: (1) It may be S. arge. (2) It 
may be a new species. (3) It may illustrate the variation in a single species, as is likely true 
of Stylactis arge and S. hooperi. 


The effect of X-rays on chromosomes and nucleoli in ovarian eggs of the sala- 
mander, Triturus pyrrhogaster. WiLLIAM R. DuRYEE. 


The giant chromosomes of Triturus pyrrhogaster ovarian eggs react to X-irradiation in 
the same way as previously determined for those of the frog. 

Four criteria of X-ray damage have been found. These are: (a) fragmentation of the 
chromonemata, (b) progressive disintegration of the lateral chromomere loops, (c) colloidal 
changes in nucleoli, and (d) gel — sol transformations in the central nucleoplasmic chromosome 
frame. High intensity radiation at the approximate rate of 6,120 r/min. was employed in 
dosages graded from 10,000 to 70,000 r, with the majority of the experiments at the 60,000 r 
level. Whole eggs were exposed in ordinary Amphibian Ringer buffered to pH 7.6, while 
isolated nuclei and and nuclear-free brei were irradiated in Ca-free N-medium (NaCl 0.66 g., 
KCl 0.014 g., dist. HO 100 cc.). 

Multiple fragmentation of chromosomes appeared immediately following as little as 30,000 r. 
With 60,000 r or more 30-50 chromosome fragments could be found in each nucleus. The aver- 
age fragment was of the order of 45-50 my in length, as compared with normal chromosomes 
180-700 my long. Within these dosage limits, degree of fragmentation was roughly propor- 
tional to the amount of radiation. Some changes in lateral loops could be detected with as 
little as 10,000 r. By 30,000 r nearly all lateral loops had been stripped from the chromonemata, 
leaving the 13 chromosome pairs appearing as granular cylinders. Following exposures to 
greater dosages (30,000 to 60,000 r) large numbers of loop fragments were observed through- 
out the nucleoplasm surrounding the chromosomes. Above 60,000 r nearly all loop fragments 
had dissolved into numerous granules or micronucleoli (0.5-2.0 my diameter). 

Nucleolar changes were strikingly evident. While normal Stage 4 nucleoli were clear 
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polygonal or irregularly oval bodies, irradiated nucleoli had large vacuoles and granular inte- 
riors. Irradiation increased the normal average size from 15-20 my diameters to 30-45 muy. 
Following the higher dosages clumping of nucleoli into masses over 150 my in diameter was 
frequent. 

Changes in colloidal condition of chromosome frame substance were recognized by sinking 
and displacement of chromosome pairs. Solvation of the supporting gel usually required at 
least 50,000 r. 

Eight sets of isolated nuclei were irradiated directly with 60,000 r. One set was given 
100,000 r. In contrast to effects obtained with whole cells, all chromosomes were found normal 
in length and no evidence of fragmentation could be detected. Even with the highest dosage 
lateral loops were only partially dissolved. Nucleoli occasionally appeared vacuolated, clumped 
and with surface markings. Solvation of chromosome frame substance occurred in 80 per cent 
of directly irradiated nuclei. 

Four other permutations of these conditions were examined: (a) non-irradiated nuclei 
exposed to normal cell brei, (b) non-irradiated nuclei exposed to X-rayed cell brei, (c) expo- 
sure of normal eggs to irradiated Ringer solution, and (d) non-irradiated nuclei exposed to 
alkalinized normal Amphibian Ringer, pH 8.0. In (a) no marked changes occurred until after 
12 hours when slight vacuolization of nucleoli and some lateral loop damage was found. Ir- 
radiated brei, on the contrary, in less than 1 hour dissolved the lateral loops, vacuolated the 
nucleoli and displaced the chromosomes, but did not cause fragmentation. Irradiated Ringer 
produced no significant changes in whole cells. However alkalinized Ringer alone hydrolyzed 
lateral loops, caused nucleolar vacuoles and solvated the chromosome frame. 

It is concluded that high dosages of X-irradiation will cause immediate fragmentation of 
egg chromosomes, loss of lateral chromomere loops and vacuolization of nucleoli when the 
nucleus is in the cell. On the other hand isolated nuclei and chromosomes do not react markedly 
when irradiated directly. Intermediate degrees of nuclear damage between the above extremes 
may be produced by exposure of non-irradiated nuclei to X-rayed cytoplasm or simply to alka- 
linized Ringer. These data are consistent with a hypothesis that X-ray damage to nuclear 
components is not primarily a direct effect, but an indirect one, probably caused by chemical 
changes in the cytoplasm. 


The chromosome number of Triturus torosus. CATHERINE HENLEY AND DoNALD 
P. CosTELLo.* 


A total of 1,497 permanent whole-mount tail-tip preparations were made of the original 
and regenerating tails of 763 control and 14 experimental (cold-treated) Triturus torosus 
larvae. These included 244 larvae fixed in California and 533 shipped by express to Chapel 
Hill. A preliminary survey of the mitotic figures on these preparations has been made, and 
126 metaphase chromosome groups studied and drawn. Many of these figures are from larvae 
with apparently normal diploid tail-tips throughout (criteria: nuclear size and normal mitotic 
figures), others from tail-tips showing obvious mitotic abnormalities (see abstract by Costello 
and Henley). 

Since the chromosome number of this species has not been recorded, it is of interest to 
present the data on the 126 chromosome counts made to date. Six metaphases of four individ- 
uals which were obviously haploid showed 11 chromosomes. The remaining individuals in- 
cluded larvae which were diploid, triploid and mosaic heteroploids. Sixty-four of the metaphase 
figures from these had 22 chromosomes; eleven, 21 chromosomes; nine, 23 chromosomes; ten, 
24 chromosomes. In five triploid figures, 30 or 31 chromosomes could be counted. In tetra- 
ploid and pentaploid figures, 42 and 51 chromosomes, respectively, were seen. The remaining 
counts varied from 15 to 27 chromosomes. 

In crowded figures, chromosome counts are likely to be too low rather than too high. 
Since we frequently observed indications of chromosome elimination and lagging at anaphase 
in the abnormal tail-tips, it is likely that many of the figures examined were hypo- or hyper- 
diploid. In general, the evidence is in accordance with the conclusion that the diploid chromo- 
some number of Triturus torosus is 22. 


1 Aided by grants-in-aid from the Carnegie and Smith Research Funds of the University 
of North Carolina. 
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Polyphyodonty in the dogfish, Mustelus canis. JoHN D. IFrt AND Donatp J. 
ZINN. 


The commonly accepted theory of tooth replacement in sharks describes them as moving 
forward from behind to replace those lost in front. This theory has been denied in recent years 
by Cawston. Since no direct observations of replacement apparently exist it was thought to 
be of some interest to determine experimentally the manner of replacement. 

In one group of smooth dogfish two rows of teeth in the center section were extracted. 
All of the teeth back of the extracted area and all of the lateral teeth, except for the remaining 
ones of the first two rows, were marked with silver nitrate. In twenty-three days in some of 
the animals all of the teeth were replaced; in others only one row was replaced. The replaced 
teeth, as well as the rows lateral to them, had silver nitrate markings indicating that all of the 
teeth had rolled forward. Sections show that tooth buds are produced only in back of the entire 
erupted tooth area and not in any other location. 

In another group the tooth-bud area was cauterized and as a result tooth replacement was 
inhibited. In others, triangular areas of teeth were extracted and replacement occurred with- 
out disruption of the normal arrangement of the teeth. All of the evidence seems to indicate 
that the original polyphyodont theory of tooth replacement is correct. The rate of replacement 


is apparently variable. 


A method to immobilize fish for cardiac and other experiments with procaine. 
Bruno KIscu. 


The well known difficulty of performing cardiac experiments on fish was overcome with the 
following method of a preparation of the immobilized animal, practical without any loss of blood. 

The animal is placed on its stomach. With a syringe and a 20 gauge medical needle for 
intravenous injections the skull is pierced somewhat caudally of the middle of a line connecting 
both eyes. According to the size of the fish %4 up to 1 cc. 5 per cent solution of Novocain 
(Procaine hydrochloride) is injected intracranially and the needle removed. 

The fish is immobilized and apparently also anesthetized satisfactorily within a few minutes 
and the effect lasts from % to 1 hour. A 1 per cent solution has no satisfying result but pro- 
duces especially in dogfish with surety a long lasting nystagmus. A 10 per cent solution is 
dangerous because it more often kills the animal. Between 3 and 7 per cent is the most favor- 
able concentration. The animal continues to breathe and if the head is submerged in a small 
seawater tank the heart can be used for a long time for experiments. If the fish is kept with- 
out water the heart beats also for a long time well. Intracranial injection of the same amount 
of saline or hypertonic saline solution has no similar effect. 

The usual fenestration of the chest has to avoid lesions of the vessels to avoid loss of blood. 

If the animal narcotised in this way (especially dogfish) is not operated on but brought 
back into the seawater tank it shows long lasting undulatory movements of its body, does not 
react to stimuli but recovers after about 1 hour completely. Whether the procaine during this 
time is reabsorbed or destroyed by a procaine esterase could not yet be ascertained. 

This method will be useful for other experiments too; for instance, for metabolic investi- 
gations on the muscle or electric organ. 


Cardiographic studies on the heart of fish. Bruno Kiscu. 


Different species of fish (Selachiens and Teleostei) were investigated electrographically 
with so-called unipolar leads, the exploring electrode being placed on the surface of the heart 
or inside of auricle or ventricle. In spite of fish having only one auricle and one ventricle 
their cardiograms are of the same type as the ones of mammals and man. The asynchronism 
of excitation of the different parts of the ventricle makes for the complicated form of the fish 
electrocardiogram. It could be proven that the part of the ventricle first activated is its upper 
dorsal plane and mostly the left side of the base. Always the base of the ventricle is earlier 
activated than the apex. The endocardial surface is not activated earlier than the earliest 
activated parts of the surface of the ventricle but synchronously, in some instances even later. 
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The type of cardiograms registered from the inside of the ventricle depends to a high 
degree on the part where the electrode is placed. In Selachiens there is a clear differentiation 
between the endocardial electrogram of the right and of the left inside of the ventricle. The 
endocardial electrogram depends, of course, also on the type of contraction of the ventricle 
(partial systoles, normal systoles, extrasystoles, fractionated systoles). 

The electrogram of the auricle is normally polyphasic showing a quick and a slow group 
of deflections. Sometimes it is bifid due to the asynchronous contraction of the different parts 
of the big auricle and its different appendages. 

It was proven for the first time that the muscular bulbus cordis of Selachiens shows not 
only contractibility but also a high degree of automatism since in the exhausted heart of Raja 
erinacea, for instance, the bulbus is sometimes the pacemaker of the heart beat. This fact was 
also registered by means of electrocardiography. 


Alkaline phosphatase activity in odcytes of various marine invertebrates. E. J. 
KRUGELIS. 


Using the cytochemical technique of Gomori, alkaline phosphatase activity was detected 
in the odcytes of several marine invertebrates, including Arbacia, Asterias, Cynthis, Chaetop- 
terus, and Mactra. This activity is present when sodium glycerophosphate, adenylic acid, or 
yeast nucleic acid are used as substrates for the enzyme. The cytoplasm of the odcytes contain 
very little detectable enzyme activity while the germinal vesicle including nuclear sap and 
nucleoli shows a definite reaction in each form investigated. Basophilia is found in the cyto- 
plasm and the nucleoli, while the germinal vesicle is faintly basophilic. Thus cytoplasmic baso- 
philia and phosphatase activity seem independent in location in the odcyte stages. Both baso- 
philia and phosphatase activity occur together in all nucleoli except those of Mactra. This 
form possesses an amphinucleolus which includes a small basophilic nucleolus and a large 
oxyphilic nucleolus. Only the large oxyphilic nucleolus contains the enzyme activity. Thus, 
in the case of Mactra at least, basophilia seems completely separate from the location of 
enzyme activity. 


Alkaline phosphatase activity in developmental stages of Arbacia. E. J. KRUGELIs. 


The occurrence of alkaline phosphatase activity in Arbacia has been detected by use of 
the Gomori cytochemical technique. In the odcytes, enzyme activity was detected only in the 
germinal vesicle. During this stage the vesicle stains with acid dyes such as fast green, but 
stains very faintly with the basic dye, toluidine blue or with Feulgen. The cytoplasm of the 
oocyte, however, is strongly basophilic with toluidine blue. This basophilia of the cytoplasm 
is interpreted on the basis of Brachet’s observations (Embryologie Chimique, Liége, 1945) as 
ribose nucleic acid. In the unfertilized mature egg, the fertilized egg, and early cleavage 
stages, the cytoplasm is the site of both basophilia and enzyme activity. Only sodium glycero- 
phosphate was used as the enzyme substrate for these later stages. During blastula, gastrula, 
and plutei stages the cytoplasmic enzyme reaction seems to decrease parallel to the decrease 
in cytoplasmic basophilia. The nuclear enzyme activity increases in these stages, parallel to 
an increase in nuclear basophilia and Feulgen reaction. 

This suggests that the enzyme and ribose nucleic acid have independent locations during 
oogenesis. During maturation the enzyme may be liberated into the cytoplasm and then 
parallels ribose nucleic acid content in the cytoplasm. This parallel location of the enzyme 
activity and nuclei acid is similar to the condition found in the late cleavage stages of amphibian 
embryo and suggests a possible active association during development. 


A comparative study of iron content in marine invertebrates. SIsTER ELIZABETH 
SETON MacDoNALp AND CHARLES G. WILBER. 


It is well known that sea water ordinarily contains only minute traces of iron in solution 
(see Cooper, Proc. Roy. Soc. London (B), 118: 419; 1935). Many invertebrates have great 
power of concentrating iron in the tissues, but there is a lack of quantitative information con- 
cerning the amount of iron in the body fluids of various marine invertebrates. A series of 
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colorimetric analyses were, consequently made to ascertain the iron content of the body fluids 
in several invertebrate animals. The amounts of iron (mean value of 10 animals unless other- 
wise indicated by number in parentheses after the species name) in mg./100 cc. fluid are as 
follows: Phascolosoma gouldii, 21.1; Amphitrite ornata, 9.8; Glycera americana (8), 15.5; 
Nereis pelagica (6), 9.6; Chaetopterus variopedatus, 3.1; Venus mercenaria (5), 2.0; Asterias 
forbesi (2), 28. The amount of iron is much higher in the annelids studied than in the mol- 
luse or echinoderm. Such would be expected in view of the presence of heme pigments in the 
fluids of the former but not of the latter. It is interesting to observe, however, that there are 
consistently measurable amounts of iron in the mollusc and starfish, indicating that iron is in 
some way necessary for the general metabolism of these forms as well as for the annelids. A 
study of the variation in iron content in the above animals throughout the year is now in 


progress. 


Fertilization studies on a non-conjugating race of Paramecium aurelia. CHARLES 
B. Metz anp Mary T. Fotey.’ 


Metz (Jour. Exp. Zool., 105: 115; 1947) has shown that mixture of formalin-killed and 
living Paramecium aurelia of opposite mating types results in (1) specific clumping between 
living and dead animals, (2) induction of pseudo selfing and (3) activation (macronuclear 
breakdown and presumably other conjugation effects) of the living animals. In an attempt 
to discover the initiating mechanisms of activation and pseudo selfing, much of the previous 
work has been repeated on an abnormal (CM) race obtained through the kindness of T. M. 
Sonneborn. These CM animals give normal mating reactions but fail to conjugate. 

It is found that formalin-killed CM animals induce pseudo selfing in living normal animals. 
However, living CM animals failed to self when treated with formalin-killed normal animals 
although the CM animals clumped strongly and specifically with these dead animals. From 
these results it seems highly unlikely that pseudo selfing involves transfer of mating substance 
from dead to living animals (as previously suggested). It is now believed that pseudo selfing 
depends upon interaction of specific “holdfast” substances which appear when the animal is 
activated but which are not mating type specific. 

Formalin-killed CM animals can also induce macronuclear breakdown in single isolated 
living normal animals. From this it follows that the CM animals possess the activation initiat- 
ing mechanism. However, living CM animals cannot be activated by treatment with dead 
normal animals. Therefore a block must prevent activation from proceeding much beyond the 
initial step in the CM animals. This evidence strongly favors the view that interaction of 
mating type substances initiates activation in P. aurelia. 

Since the. CM animals undergo natural autogamy, it follows that natural autogamy is not 
initiated through the same mechanism that operates in conjugation. An analogous situation 
may obtain in parthenogenesis, namely that the activation initiating mechanism of normal 
fertilization is by-passed in parthenogenesis. 


Thecal morphology of some dinoflagellates of Woods Hole, with special reference 
to the “ventral area.” Dasuu NIE. 


A total of eighteen species belonging to five genera was subjected to this study. E-ruviaella 
almonda sp. nov., E. marina, Prorocentrum schilleri and P. micans, which represent all the 
Prorocentridae examined in this study, were revealed to have the same architecture. They 
have besides the two prominent bivalve-like plates four small platelets, lodging in the concavity 
of the left plate at the anterior end. Of these, three form the flagellar pore or pores, and one 
forms the spinose platelet. The number and disposition of these platelets are reported here 
for the first time. 

The entity of the “ventral area” or sulcus of the genus Diplopsalis as well as the genus 
Peridinium has been found to consist invariably of six plates, namely, left and right anterior 
plates, left and right flagellar pore plates, the connecting plate and the posterior plate. These 
plates have been isolated in the following species: Diplopsalis lenticula f. minor, D. asym- 


1 Aided by a grant from the National Institute of Health, U. S. Public Health Service. 





ay 





a, 








PRESENTED AT MARINE BIOLOGICAL LABORATORY 211 


metrica, Peridinium pallidium, P. globulus var. quarnerense, P. marielebourae, P. conicum, P. 
claudicans, P. oceanicum, P. leonis and P. depressum. 

Four species of the genus Goniaulax, namely, G. diegensis, G. digitale, G. spinifera and G. 
monocantha, have been examined, and the result turned out to be quite different from that of 
Kofoid’s (1911). A new plate formula is suggested: 3’, 3a, 6”, 6, 5’, 2”",+6 v.ap. The 
reason for such a change is discussed. 


Plastid development in the scutellum of Triticum sativum and Secale cereale. 
Joun A. O'BRIEN, JR. 


During germination of grains of Triticum and Secale, there are present in cells of the 
epithelium and the parenchyma of the scutellum, characteristic solitary aggregations of cyto- 
plasmic elements which are preserved by mitochondrial fixatives. Each element at one stage 
is composed of a swollen head portion and an attenuated tail. They are so assembled that the 
heads are directed to the periphery and the tails toward the center of the group. The aggre- 
gation occurs in a differentiated region of the cytoplasm which, when preserved by certain 
fixatives, appears optically homogeneous and is thus set off from the granular cytoplasm. 
Usually the aggregation lies immediately adjacent to the nucleus. The elements comprising 
the aggregation eventually become dispersed in the granular cytoplasm and can be traced 
through several stages of dispersion. As the aggregation first begins to break up, the tail 
portion of the individual element develops a small knob at its distal end and the head portion 
diminishes slightly in size. After dispersion, the elements assume the characteristic form of 
plastids in fixed cells and vesicles which develop in them can be demonstrated to be starch 
grains. In some groups, the formation of starch grains occurs even before dispersion. 


W. J. V. Osternout. No abstract submitted. 


Vitamin A and lipid metabolism in the frog. CHARLES G. WILBER AND Mary 
E. F. Twomey. 


Very little is known concerning the effect of vitamins on lipid metabolism in poikilothermal 
vertebrates. Consequently an investigation was undertaken to ascertain the effect of vitamin A 
on lipid metabolism in the frog. Frogs were fed corn oil in capsules and corn oil plus vita- 
min A in capsules respectively. After 48 hours the livers and kidneys were removed and 
analyzed for phospholipid, cholesterol, and fatty acid. The results were compared with those 
obtained from the analysis of unfed frogs used as controls. It was found that there was an 
increase of cholesterol, fatty acid, and total lipid in the liver and kidney of frogs fed corn oil 
alone but that there was a decrease in phospholipid in the same organs. Frogs fed fat plus 
vitamin A, on the other hand, showed an increase in phospholipid and a decrease in other lipids 
in the kidney and liver. The results clearly indicate that a high fat diet in the frog brings 
about a marked increase in the cholesterol and fatty acid in both liver and kidney. It is, 
moreover, evident that vitamin A stimulates to a marked degree the use of fat in the frog. 
These results are in accord with those obtained by other investigators using homoiothermal 
vertebrates (see Monaghan, J. Biol. Chem., 98: 21; 1932; Asada, Biochem. Zeitschr., 142: 44; 
1923 and 144: 203; 1924). The present investigation indicates that in the frog diet vitamin A 
is an essential component. On a diet lacking the vitamin there is an accumulation of lipids in 
the liver and a decrease in the synthesis of phospholipid by that organ. 


Alkaline phosphatase in the early development of Fundulus heteroclitus. ANITA 
ZORZOLI. 


A study of the localization of alkaline phosphatase in the development of Fundulus hetero- 
clitus from late cleavage to the post hatching period when the yolk has been completely ab- 
sorbed was carried out using the histochemical technique of Gomori. Each specimen was 
sectioned serially at 6 y, cut into 2 section pieces and mounted on separate slides so that ad- 
jacent sections could be used for routine staining and for controls. Incubation was carried on 
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for 12 and 24 hours at room temperature (approx. 26° C.) using Na §-glycerophosphate as 
substrate for the reaction. 

There is a conspicuous lack of phosphatase activity in the large cells of the late cleavage 
and blastula stages as well as in the smaller cells of the gastrula stages. The first positive 
reactions occur at the beginning of differentiation of the nervous system. At this stage and 
shortly after, the nuclei of the neural cells stain deep brown-black. The cytoplasm is also 
positive but less strongly so. Outer ectoderm, endoderm and mesoderm cells stain uniformly 
positive and slightly less intensely than the nervous system. The large notochordal cells show 
the weakest reaction. 

As tissue and organ differentiation proceeds, new regions showing strong activity appear 
while others decrease in activity. / For example, by the time the cerebral hemispheres have 
formed there is a difference in intensity of reaction within the central nervous system itself, 
the anterior regions being more strongly positive than the posterior regions. Within the 
spinal cord there is a distinctly stronger reaction in both nuclei and cytoplasm of the dorsal 
third as compared with the more ventral regions. 

Increase in phosphatase activity with increase in differentiation is shown in the gut. Both 
nuclei and cytoplasm stain more deeply at the time of hatching as compared with earlier stages 
and in addition there is developed an intense blackening at the proximal surface of the mucosal 
cells. This localization is reminiscent of the type seen in the small intestine of many mam- 
malian forms. 
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Effects of sodium azide on the rate of amphibian development. Tuomas’S. HALr 
AND FLoRENCE Moos. 


In the course of an investigation of the effects of sodium azide upon the developing egg 
of the grass frog, R. pipiens, it was observed that exposure to this substance can retard or 
suppress development for considerable periods without preventing the possibility of normal 
development after termination of treatment. This response is being studied experimentally with 
a view to determining (a) the exact conditions under which it may be expected (results re- 
ported here) and (b) physiological factors involved (experiments in progress). The first phase 
of this investigation has brought to light three principal facts. (1) Under exposure to solu- 
tions of sodium azide (in 10 per cent amphibian Ringer’s solution at ca. pH 7.2), varying in 
concentration from 7 X 10-6 to 5X 10-5 M, early stages (cleavage to late neurula) undergo 
reduction in the rate of their development. It proved possible to continue exposure for 2 to 4 
days, depending upon the concentration, without precluding the possibility of normal progress 
after removal from azide solution. Such treatment reduced the rate to less than half of 
normal. (2) Even where treatments were sufficiently severe (solutions stronger than 10-* M) 
to induce complete arrest shortly after the treatment began, further development could occur. 
Individuals held at the gastrula stage for 48 hours went on to develop with every appearance 
of normality after treatment was stopped. In special instances, development was suspended 
for periods up to 86 hours; in these cases, however, not all individuals so treated developed 
normally, the incidence of abnormality increasing with the duration of the exposure. (3) If 
the organism was first exposed to solutions strong enough to cause complete arrest (e.g., 
2x 10-* to 5 X 10-3 M, for 3 to 12 hours), it was found to be subsequently more sensitive to 
weak azide solutions than were previously untreated individuals. The mechanisms responsible 
for the foregoing results are under investigation. 


Nucleic acids as growth factors in Drosophila. CLAaupE A. VILLEE AND HAROLD 
B. Bissect. 


Drosophila larvae of wild, vestigial, Bar, Double Bar, dachsous, four-jointed, aristapedia 
and tetraltera stocks were grown on sterile, chemically defined media containing salts, agar, 
amino acids, cholesterol, lecithin, ribose nucleic acid and sucrose in which ribonucleic acid 
was replaced by nucleotides, or purines and pyrimidines, singly or in combination. Larvae 
grew as well on nucleotides as on ribonucleic acid; the growth-promoting effect of ribonucleic 
acid resides not in RNA as such but in the purine and pyrimidine constituents of RNA, and 
especially in adenine. Guanine seems to have some function in regulating the growth stimulat- 
ing action of adenine. Desoxyribonucleic acid inhibited growth and pupation of the larvae. 
The vestigial stock, in contrast to wild and Double Bar, was able to survive in the presence of 
benzimidazole, a structural analogue of the purines, and seems to have some biochemical mu- 
tant which enables it to utilize benzimidazole in place of the purines. One phenocopy was ob- 
served in the course of the experiments: a Double Bar larva grown on a medium lacking sucrose 
and nucleic acid developed into a fly whose eyes were large and oval-shaped, approaching the 
wild phenotype. The flies hatching out of larvae grown on experimental media were fertile 
and in many tubes a second generation of flies was raised. 


ANNA R. Wuirtinc. No abstract submitted. 
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Jury 22 


The effects of podophyllin on the maturation and cleavage of the starfish egg. 
[von CORNMAN. 


In a podophyllin concentration of 100 mg./L, breakdown of the germinal vesicle, penetra- 
tion by the sperm, lifting of the fertilization membrane, and completion of cleavage by eggs 
in anaphase are to all appearances normal. On the contrary, the meiotic or mitotic spindle 
is quickly inactivated at 1 mg./L. The chromosomes released by spindle destruction form 
karyomeres which can engage in pseudomitotic cycles. If dosage is begun in the germinal 
vesicle stage, the released chromosomes or their karyomeres are unable to migrate to the 
periphery, but show evidence of responding to the meiotic rhythm by going through at least one 
cycle involving dissolution, chromosome formation, and reformation of the vesicular karyomeres. 
lf the egg is fertilized or artificially activated, it goes through the same cycle. The karyomeres 
grow and coalesce, filling about half the volume of the egg by 24 hours. Occasionally they 
fuse to form a single nucleus which at 11 hours is 5 the diameter of the germinal vesicle and 
contains 1 to 3 nucleoli. Up to 30 karyomeres have been counted (2n = 36), and up to 18 in 
eggs blocked just after completion of the second polar body. Variation in size permits the 
interpretation that some karyomeres contain more than one chromosome. The karyomeres 
persist as discrete bodies following disintegration of the egg, showing that they possess mem- 
branes and are not mere differentiated areas of cytoplasm. In 12 hours (or sooner if the eggs 
have been washed free of podophyllin or if they have been fertilized) there is irregular division 
showing no relation to the distribution of karyomeres. In the living eggs there sometimes 
appear to be asters participating in this division, but sections have not yet been studied to de- 
termine if true cleavage processes or merely pathological fragmentation are involved. Thresh- 
old doses (ca. 0.2 mg./L) which inhibit the early cleavages permit proliferation of the asters 
and eventually simultaneous division of the eggs into 16-32 cells, which subsequently divide to 
produce a normal blastula. 


Preparation of a soluble cytochrome oxidase. W. Watnio, S. Cooperstein, S. 
KOLLEN, AND B, EICHEL. 


Cytochrome oxidase occupies a key position in the chain of enzyme reactions that catalyzes 
the dehydrogenation of substrates, because the oxidase apparently is the enzyme that “activates” 
molecular oxygen. Much work has been done in an attempt to free the enzyme from the com- 
plex of which it is a part in order that it might be more fully characterized. All attempts, with 
the possible exception of a partially successful attempt by Haas (Jour. Biol. Chem., 148: 481; 
1943), have failed to yield a soluble preparation. 

The work of Hopkins, Lutwak-Mann, and Morgan (Nature, 143: 556; 1939) and Keilin 
and Hartree (Proc. Roy. Soc. London, B, 127: 167; 1939) suggested to us the use of bile salts 
to dissolve the cytochrome oxidase complex. Our results show that by extracting Keilin and 
Hartree’s oxidase preparation (Proc. Roy. Soc. London, B, 125: 171; 1938) with 4 per cent 
sodium desoxycholate, it is possible to obtain a preparation which resists centrifugation for 3 
hours at 20,000 x g and which is clear to the naked eye. Such a preparation is 2.5 times as 
active as the original Keilin and Hartree suspension. A partial purification has been effected 
by fractionating with 2 per cent and then 4 per cent of sodium desoxycholate to yield a 
preparation with 5 times the activity of the original suspension. 

Several lines of evidence indicate the presence of cytochrome oxidase: (1) reduced cyto- 
chrome c is readily oxidized by small amounts of the enzyme preparation; (2) cytochome c 
is a necessary constituent for the oxidation of hydroquinone; (3) 1 X 10-8 M sodium cyanide 
and sodium azide inhibit the oxidation of hydroquinone; (4) a mixture of 95 per cent carbon 
monoxide and 5 per cent oxygen inhibits the hydroquinone reaction by 66 per cent in the dark, 
and light causes an almost complete reversal of the inhibition. 


Synthesis of lipids from proteins in Colpidium campylum. CHARLES G. WILBER 
AND GERALD P. SEAMAN. 


The problem of the synthesis of protein, carbohydrate and fat is a fundamental one in 
general physiology. Much work has been done on the problem in the vertebrates; very little 
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on the protozoa. From the work of Mast and Pace we know that the flagellate Chilomonas 
paramecium has amazing powers of synthesis. It is also well known that lipids occur in ciliates 
in the form of visible globules. The types and origin of these lipids is still uncertain. Con- 
flicting results have been obtained using the staining reactions of Nile blue sulfate. An 
investigation was, therefore, undertaken to ascertain the kinds and the formation of lipids in 
the ciliate, Colpidium campylum. The organisms were grown in sterile, fat-free proteose- 
peptone solution. Five days after inoculation, samples were taken and tested for cholesterol 
(Jour. Biol. Chem., 24: 227; 1916), fatty acid (Jour. Biol. Chem., 77: 53; 1928), and phos- 
pholipid (Jour. Lab. Clin. Med., 16: 158; 1930). No cholesterol was found. In a culture con- 
taining 44,000 colpidia per cc. there was 3.4 mg.% phospholipid; 2.5 mg.% was present in the 
cell-free culture medium. In a culture of like population there was 232 mg.% fatty acid; 
183 mg.% was present in the cell-free culture medium. The results indicate that the 
colpidia do not synthesize cholesterol but that they produce very large amounts of fatty 
acid. This latter result is in accord with work done on bacteria and on rhizopods. It is sug- 
gested that fatty acid is formed in Colpidium campylum from the deaminated amino acid via 
pyruvic acid and acetaldehyde (by repeated condensations) and that glycerol is formed via 
pyruvic and lactic acids, glycogen, and glyceric aldehyde. 


Jury 29 


J. T. Bonner. No abstract submitted. 
B. Lipset. No abstract submitted. 
Orto MEYERHOF AND JEAN R. Witson. No abstract submitted. 


Avucust 5 
Irreversible differentiation in certain plant cell lineages. R. BLocu. 


In ground parenchyma of the stem of Ricinus communis secretory cells occur the contents 
of which give the reactions of tannins and unsaturated fat. They appear early within the 
meristem of the apical growing point and, once differentiated, continue to multiply as the stem 
elongates. Unlike most plant tissue cells, they retain their specific physiological character 
during growth and division and transmit it to the daughter cells. This behavior is also evident 
when old internodes are wounded: the secretory cells resume growth and division, but do not 
dedifferentiate as other plant cells do under such conditions. They produce their own type 
only and exhibit stability of cell character, resembling in this, many animal cells which show 
similar persistence along somatic cell lineages, irrespective of external conditions. 

One possible explanation of such stability of the differenflated state has been the assump- 
tion of determinants in the nature of self-duplicating cytoplasmic proteins (plasmagenes). 
These or their precursors could in the present case appear and come into control in certain 
cells as a result of differential, polar cell divisions during which cytoplasm or cytoplasmic 
constituents become unequally distributed or segregated. 

The occurrence of such cells and of such a suggested mechanism may play a significant 
role in the elaboration of cellular differences in plant tissue patterns. Many cellular differ- 
ences have previously been shown to arise as a result of polarity, a basic protoplasmic factor. 
Many others are directly induced by external physical and chemical factors in the environment 
which act differentially on cells in different positions in the plant body. To these may be 
added possible qualitative, stable changes in the cytoplasmic reactivity systems of some of the 
cells, accounting for some types of specific behavior. 


Alkaline phosphatase activity in early development of amphibians. E. J. Kruce ts. 


, The physical and physiological correlation of alkaline phosphatase activity and nucleic 
acids indicated from several different lines of research suggested investigation of this correla- 
tion in the developing amphibian embryo whose content and distribution of ribose nucleic acid 
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has been thoroughly studied and described by Brachet (Embryologie Chimique, Liége, 1945). 
Using the Gomori technique, the enzymatic hydrolysis of phosphate from the substrates, 
sodium glycerophosphate, ribose nucleic acid, and adenylic acid was investigated in develop- 
mental stages of Rana, Axolotl, and Ambystoma. In the growing odcyte, the enzyme activity 
is concentrated in the germinal vesicle, while the basophilia indicating ribose nucleic acid is 
in the cytoplasm. During the late cleavage stages, the enzyme reaction becomes intense in the 
cytoplasm of the cells of the animal pole, exhibiting the same gradient as is found for ribose 
nucleic acid. During gastrulation there appears a cytoplasmic and nuclear gradient from 
ectoderm to mesoderm to endoderm, which is similar to the one for ribose nucleic acid. Thus 
it appears that alkaline phosphatase is independent of ribose nucleic acid in odcyte stages, but 
becomes associated with it during late cleavage. This is supplementary evidence for the hy- 
pothesis of Brachet that during development the cytoplasmic basophilic granules of ribose 
nucleic acid become increasingly complex by becoming associated with various enzymes, one 
of which is alkaline phosphatase. This increasing complexity of association of various chemical 
substances is probably related to morphogenesis. 


J. R. SHaver. No abstract submitted. 


Aucust 12 
D. E. CopELANpb. No abstract submitted. 


Factors influencing the expression of “position-effects:’ TAYLoR HINTON. 


Drosophila melanogaster was used in a study of the factors causing variation in the ex- 
pression of a second chromosome inversion, Inversion (2LR)40d. The presence of this inver- 
sion results in different degrees of disarrangement of the facets of the eyes, mottling of the 
pigment, and deposits of a black tumor-like substance on the surface of the eyes. It was found 
that the sex of the individual had no significant effect upon the phenotypic expression of 
In(2LR)40d. The effect of different temperatures was studied and it was shown that in 
flies raised at 15° or 28° the eyes were almost normal; while the eyes were most affected at 
23°. Crosses were made which demonstrated that the age of the parents had no influence upon 
the expression of the inversion. A significant difference in degree of effect was found when 
offspring raised in a non-crowded, well yeasted bottle were compared with offspring raised in 
a crowded shell vial. The former had almost normal eyes while the latter showed a marked 
eye effect. Females carrying a Y-chromosome in addition to the normal complement of 
chromosomes showed little eye effect with the inversion while their normal brothers were 
significantly more affected. When the inbred stock of In(2LR)40d was crossed to certain 
laboratory stocks the offspring showed no change in the expression of the inversion, but when 
crossed to other laboratory stocks a striking increase in the expression was noted. This sug- 
gests that some stocks carry genetic modifiers which enhance the expression of In(2LR)40d 
while others do not. Experiments are in progress to attempt to localize and study the nature 
of these modifiers. It can be concluded that the “position-effect” can be altered in expression 
by temperature, starvation, extra Y-chromosomes, and by genetic modifiers. 


D. WrincH. No abstract submitted. 


Avucust 19 


Induced morphological changes in Tetrahymena vorax. C. Litoyp CLAFF. 


Tetrahymena vorax, a Protozoan ciliate previously known as Glaucoma vorax, is normally 
found in Nature as a small tailed form, varying in size from 50 to 75 microns, with an oral 
opening just large enough to engulf its food, bacteria. 

Kidder, Lilly, and Claff reported (Biol. Bull., 78, Feb. 1940) the effect of putting Tetra- 
hymena geleii in association with Tetrahymena vorax in the same culture. Within 24 hours 
drastic form changes took place in the Tetrahymena vorax: (1) the oral opening enlarged, 
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(2) a large preparatory vacuole continuous with the oral opening formed, (3) the animal 
enlarged to a size of 100 to 250 microns, (4) it became a Carnivore and the Tetrahymena geleii 
became its prey. 

It was thought it would be of interest to place a cellophane membrane between Tetrahymena 
vorax and Tetrahymena geleii to see if the factor responsible for this change could be shown 
to be diffusible. 

Culture flasks were prepared as follows: Erlenmeyer flasks were modified with an extra 
port on the side. A Pyrex tube, enlarged at the bottom was inserted with a cellophane mem- 
brane tied securely around the enlarged flange. These were sterilized with 10 cc. of Pyrex 
Distilled Water in the flask, and 2 cc. of water in the tube. Then they were inoculated on one 
side of the membrane with Sterile Tetrahymena vorax grown in 2 per cent Proteose Peptone 
broth; and Sterile Tetrahymena geleii on the opposite side. 

Control flasks were inoculated with Tetrahymena vorax on one side of the membrane and 
Sterile Distilled Water on the other side. 

Sterility tests were routinely carried out. 

The flasks were assembled on a shaker device as shown—and shaken intermittently over a 
period of from 24 to 72 hours. 

Carnivores, or in this case Cannibals were produced in large numbers in the cultures where 
Tetrahymena geleiit were introduced on the opposite side of the membrane. 

No Carnivores, or in some cases only one or two Carnivores were present in the cultures 
where Sterile Distilled Water was present on one side of the membrane. These Carnivores 
were small, and did not seem to have the ability to feed properly, in as much as they contained 
only one or two prey, whereas the induced forms would have as many as fifty prey. 

To date only 58 experiments have been performed, so this is in the nature of a preliminary 
report. Some interesting facts for further investigation have been disclosed. 

1. The addition of particulate Yeast Harris to the cultures of vorax seems to inhibit the 
formation of Carnivores. 

2. The addition of the bacteria Aerobacter seems to favor the formation of Carnivores. 

3. There is evidence that there is some factor from the Tetrahymena geleii culture which 
is diffusible through the cellophane membrane which stimulates the formation of Carnivores. 


Pau S. Gattsorr. No abstract submitted. 


Bermuda sea urchins and their eggs. Erne: Browne Harvey. 


The common species of sea urchin near the Bermuda Biological Station are: (1) Lytechinus 
variegatus (Toxopneustes), usually brown in Bermuda, always white in Beaufort. Decorates 
itself with shells, sea weed, etc. It is' ripe in spring and early summer. (2) Tripneustes escu- 
lentus (Hipponoé), a very large (5-6 inches diameter) species with short white spines. It is 
ripe in early summer and early winter. (3) Echinometra lacunter, an oval reddish or brownish 
urchin living in holes in the reefs and known as the “rock” or “reef” urchin. It is ripe in late 
summer and early fall. (4) Centrechinus antillarum (Diadema setosum), having very long 
(sometimes 10 inches) sharp spines. This is ripe in summer and early winter. (5) Eucidaris 
tribuloides, a grayish urchin with blunt club-shaped spines, knowm as the “slate-pencil” urchin. 
Another species found near the laboratory but rare is Echinoneus cyclostomus, a very small 
urchin (one inch long), somewhat oval, cream colored with bright red tube feet. There is 
also a sand dollar, Mellita sexiesperforata (now Leodia) found at some distance from the 
laboratory. 

The living eggs of Lytechinus are beautifully clear and many of the phenomena of fertiliza- 
tion and cleavage can be distinctly seen. The asters show well, but the spindle fibers cannot 
be observed until late anaphase and telophase, when the “interzonal” fibers can be clearly seen. 
The eggs of Tripneustes, Echinometra and Diadema are very granular, and the granules obscure 
the nuclear phenomena. 

In Lytechinus, the stratification with centrifugal force is: yolk, clear layer, mitochondria; 
sometimes clear layer also at the bottom; there is usually no oil cap; in Tripneustes: sometimes 
oil, yolk, mitochondria, clear layer; sometimes oil, clear layer, yolk, mitochondria; in Echino- 
metra: oil, clear layer, mitochondria, yolk. Lytechinus and Tripneustes break apart into a 
large nucleate fraction and a small heavy fraction. 


218 PRESENTED AT MARINE BIOLOGICAL LABORATORY 


The pluteus of Lytechinus has a single rod in the postoral arms, with a spiny base. The 
pluteus of Tripneustes has a lattice-like skeleton in the postoral arms, united at the base and 
not spiny. The pluteus of the hybrid Lytechinus 2 < Tripneustes ¢ is maternal in the form 


of skeleton. 


Spermatogenesis in sphecoid wasps. P. W. WHITING. 

In the formation of male gametes plants exhibit no meiotic phenomena, since their haploid 
generation has no heritage of meiosis. The half-dozen invertebrate groups characterized by 
haploid males, however, exhibit, to greater or less extent, remnants of spermatocyte conditions 
presumably characterizing their diploid ancestors. In the hymenopteran male, meiotic phe- 
nomena are elaborate and are characteristically similar in many of the superfamilies from the 
lower plant-feeders to the aculeates. This “orthodox” plan consists in an abortive first division, 
not dividing the nucleus, and an equal second division resulting in two functional sperm cells. 
The bees, Apoidea, deviate in that the second division is unequal cytoplasmically so that only 
one spermatid functions. It has now been shown that in four species of sphecoid wasps there is 
but one meiotic division. This produces two equal spermatids. At the end of the growth 
period before this division takes place, there develops close to the nucleus, a body resembling 
a second nucleus of small size. This body becomes very conspicuous and persists through the 
meiotic division, occupying a position within the cytoplasm at one side of thexcell. These 
phenomena are tentatively interpreted as vestiges of the first division still further reduced than 
in the bees and the vespoid wasps. In their equal second division these species resemble the 
latter group following the “orthodox” plan. 


REPORT ON THE LALOR FELLOWSHIP RESEARCH 
J. BRacHET 


Arbacia eggs at various stages of development have been collected in large amounts for a 
cytochemical and chemical study of both types of nucleic acids: some have been fixed in Zenker’s 
and Serra’s fluids for a study of nucleic acids and amino-acids distribution, using if possible 
quantitative microphotometric methods. Most of the material collected will be used for chem- 
ical analysis of the phosphorus, ribose, ribodesose and purines content of the fertilized eggs, 
the blastulae and the plutei; this analytical work is already under its way. 

Eggs and embryos treated with lithium chloride and sodium thiocyanate, in order to pro- 
duce morphological defects, have also been preserved with the hope of establishing correlations 
between these abnormalities and the nucleic acids metabolism. 

Arbacia and Psammechinus eggs have been centrifuged at various speeds and preserved in 
fixatives for further study of the nucleic acids and proteins. 

Other experiments have shown that in sea-urchins’ eggs, as in adult tissues, a large propor- 
tion of the ribonucleic acid is linked to small, ultracentrifugeable particles. 

Some time has also been devoted to the study of the slides made by Dr. E. Krugelis in 
order to demonstrate the localization of alkaline phosphatase in developing marine Invertebrates’ 
eggs; her results have been presented at the M.B.L.’s scientific meeting. 

Finally, an abundant material has been collected with the purpose of studying the localiza- 
tion of ribonucleic acid and proteins in regulative and mosaic eggs: these included Asterias, 
Chaetopterus (normal development and differentiation without cleavage), Mactra (normal and 
centrifuged), Cynthia (normal and centrifuged) and Fundulus eggs and embryos. 

It is proposed to study in the nearest possible future the material which it has been possible 
to collect during the summer months. 


Comparison of the binding ability of hemocyanin and serum albumin for organic 
ions. I. M. Kiorz, A. H. SCHLESINGER AND F. TIETzE. 


The presence of hemocyanin in a dispersed form in the plasma of invertebrates suggests 
that this protein may act not only as a respiratory pigment but also as a transport vehicle for 
small ions. A series of studies has been made, therefore, on the binding of several organic dye 
ions by the serum of Limulus polyphemus. 

In buffered solutions near pH 5 hemocyanin has been found to form complexes with the 
organic anion, methyl orange, though with an affinity about one-tenth that observed with the 
same dye and serum albumin. Thus at a concentration of free anion of about 1 < 10-4 molar, 
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approximately 0.5 x 10-5 mole and 6 X 10-5 mole, respectively, of methyl orange is bound by 
one gram of hemocyanin and one gram of albumin, respectively. 

No significant binding of the cationic dye, chrysoidine, by Limulus serum was observed even 
at concentrations of cation of 4 X 10-* molar. A series of experiments with serum albumin under 
comparable conditions indicated appreciable binding though less than that observed with methyl 
orange and albumin. If the same decrease in binding in going from the anion, methyl orange, 
to the cation, chrysoidine, holds in hemocyanin as is found with albumin, it would require 
more precise techniques than were available to detect the chrysoidine complex of hemocyanin. 
The quantitative data on the binding of chrysoidine by albumin indicate that 16 is the maximum 
number of binding sites available on the protein molecule and that the first chrysoidine com- 
plex has a binding energy of 5,000 calories/mole as compared to 5,960 calories/mole for the 
corresponding complex with methyl orange. 

These experiments indicate that hemocyanin acts not only as a respiratory pigment in the 
blood of invertebrates but that it also serves in the distribution and conservation of organic ions 
among various organs and tissues, though its effectiveness in these respects is less than that of 
serum albumin. 


The production of diabetes in the toadfish with alloxan. ARNOLD LAzAROW AND 
Jack BERMAN. 


Alloxan was injected into 50 toadfish (Opsanus tau) as a 10 per cent aqueous solution. The 
sugar content of the blood was determined by the Folin Malmros micro method. Serial sugar 
determinations were carried out on blood obtained by cutting the tail fin of the fish. The 
normal blood sugar value of the toadfish, which depends upon the nutritional state, varied from 
26 to 86 mgs. per 100 cc. (The mean of 37 determinations on 20 fish was 54 mgs. per 100 cc.) 

When alloxan was injected into toadfish the effect depended upon the dose and mode of 
administration. Of twenty animals injected intraperitoneally with doses of alloxan ranging from 
300 to 1,000 mgs. per killogram of body weight, only two showed blood sugar values greater 
than 100 mgs.% 48 hours after the injection. Histological examination of the tissues showed 
extensive necrosis of the liver. This apparent selectivity of alloxan for the liver (following 
intraperitoneal injection) may be related to the hepatic portal circulation inasmuch as a large 
part of the alloxan injected goes directly to the liver. 

By contrast, subcutaneous administration of alloxan produced a blood sugar response in a 
much greater per cent of the animals. Of six toadfish injected with a dose of 400 mgs./kg., three 
showed a 24-48 hour blood sugar value greater than 100 mgs.% Of nine animals given 600 
mgs./kg., six showed a 24-48 hour blood sugar value greater than 100 mgs.%; whereas eight 
of ten fish injected with a dose of 800 mgs./kg. showed elevated blood sugars at 24-48 hours. 
The 24-48 hour blood sugar value of animals considered diabetic ranged from 100 to 328 mg.%. 
Although a number of the injected animals died after 24 to 72 hours, some were kept alive for 5 
days and showed a persistence of their hyperglycemia. 

The urine obtained from the bladder of several fish was also examined for sugar. In two 
fish whose blood sugars were 200 and 268 mgs./100 cc. the urine sugar concentration was 73 
and 146 mgs.% respectively. 

Since the islet tissue of toadfish is segregated into discrete organs apart from the digestive 
pancreatic tissue, direct chemical studies can be carried out on this material. Such a study is 
not possible in mammals where the islet tissue constitutes a very small fraction of the pancreas. 
Investigations on the sulfhydryl content of the islet tissue of toadfish before and after alloxan 
administration will be carried out. 


Localization of adenosinetriphosphatase (ATP-ase) in the giant nerve fiber of the 
squid. B. Liper. 


It is conceivable that a basic feature of nerve impulse conduction, the permeability change in 
the membrane, depends upon a structural change in certain membrane proteins. If the latter 
resemble the myosin system of muscle, they should be associated with ATP-ase activity. 


1 This work was carried out under a Fellowship of the Lalor Foundation, and was also 
supported in part by a U. S. Navy contract to the University of Chicago for research in nerve 
metabolism. 
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To test this hypothesis, measurements were made of the ATP-ase activity of the axoplasm, 
extruded from cleaned giant axons of Loligo pealii, and of the remaining sheath portion. With 
the tissue homogenized in 0.58 M KCI, and the activity measured in 0.58 M KCI, 0.003 M CaCl., 
veronal buffer (pH =7.4) and 0.003 M ATP, axoplasm splits phosphate from ATP at the 
rate of about 0.2 yvP/mg. wet weight (in 30 minutes at about 26.5° C.), while the average 
figure for the sheath is 19, about 100 times as much. 

Not only is the ATP-ase activity of the nerve fiber almost exclusively confined to the sheath 
portion, but the latter has an activity even greater than that of squid muscle. Contrary to the 
case of cholinesterase, which is also localized in the sheath (D. Nachmansohn and B. Meyerhof, 
Jour. Neurophysiol., 5: 348-361; 1941), ATP-ase is not more concentrated in the optic ganglion 
than in the nerve. 

The nerve ATP-ase also resembles vertebrate muscle ATP-ase in its substrate specificity (it 
did not appreciably attack hexosediphosphate, muscle adenylic acid, or glycerophosphate, and 
these hydrolyses were not stimulated by Ca** addition). Its response to addition of varying 
Ca** concentrations was also similar. Ca** removal from the tissue by citrate or oxalate 
strongly inhibits the residual activity. However, nerve ATP-ase responded considerably less 
than muscle ATP-ase to the sulfhydryl poisons, 0.001 M p-chloro-mercuric-benzoate, chloropicrin, 
or p-carboxy-phenyl-arsenoxide. 

Work has been initiated in the direction of attempting to make more purified preparations 
of ATP-ase from nerve tissue, so that the physical and chemical properties of this enzyme can 
be more fully compared to the myosin-ATP-ase system. 


An analysis of d-amino acid oxidase. in invertebrate tissues.'| CLAuDE A. VILLEE.’ 


In the course of work on the development of a chemically defined medium for Drosophila 
it was found (Schultz, Anat. Rec., 96: 540; 1946) that d-amino acids seemed to be toxic to the 
larvae whereas l-amino acids permitted normal growth. Since the two types of isomers are 
metabolized by different enzyme systems in mammals, one possible explanation of this fact is 
that Drosophila lack d-amino acid oxidase. Experiments using dl-alanine as a substrate were 
unable to demonstrate the presence of the enzyme in ground Drosophila larvae (Villee, un- 
published data). Studies were then made to see if this was a general phenomenon among in- 
vertebrates. The enzyme was ‘measured manometrically using the Warburg constant volume 
respirometer, dl-alanine as the substrate and with the tissue suspended in a 0.05 M phosphate 
buffer solution at pH 7 or pH 8 (Rodney and Garner, Jour. Biol. Chem., 125: 209; 1938). The 
tissues used were suspensions of sea urchin sperm, sea urchin eggs, teased muscle fibers from 
scallop adductor muscle, spider crab claw and tail muscle, lobster claw muscle, whelk foot 
(white) and radula (red) muscle, and homogenates of starfish digestive gland and whelk liver. 
None of these tissues, from animals of three different phyla, showed any d-amino acid oxidase 
activity and it is possible that the lack of this enzyme is a general characteristic of invertebrates. 


A study of nucleoproteins from invertebrate tissues. CLAUDE A. VILLEE.* 


Nucleoproteins have been extracted previously from vertebrate tissues, primarily calf thymus 
and fish sperm, and from plant tissue, wheat germ, yeast and bacteria. The present study was 
undertaken to see whether nucleoproteins could be extracted from invertebrate tissues and how 
their properties compared with those from other sources. 

Nucleoproteins were extracted by two different methods, strong salt (2 M NaCl) solution 
or 0.5 per cent desoxycholate solution, from squid testis, spermatophore sac, sperm receptacle 
and ovary; sea cucumber testis and ovary; sea urchin sperm and eggs; starfish testis, ovary and 
liver; whelk testis and chaetopterus sperm. All of these tissues gave viscous solutions on 
extraction and these, on purification and precipitation in distilled water or alcohol, gave white 
fibers. The most viscous solutions were obtained from extracts of squid testis and spermato- 
phore sac; these exhibited strong birefringence of flow. When examined in the Beckman 
spectrophotometer, these solutions showed typical nucleoprotein absorption spectra, with a maxi- 


1I am indebted to Mr. C. Lloyd Claff for the Warburg apparatus used in these experiments. 
2 Lalor Research Fellow. 
8 Lalor Research Fellow. 
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mum at 2,600 A. The amount of nucleoprotein not extracted by strong saline and extractable 
by desoxycholate is negligible. Nucleoproteins from marine animals differ from vertebrate 
nucleoproteins in being extracted by 2 M NaCl but not by 1 M NaCl. Analyses were made 
for total phosphorus, desoxyribonucleic acid phosphorus, ribonucleic acid phosphorus and phos- 
phoprotein phosphorus by the method of Schmidt and Thannhauser and for ribonucleic acid and 
desoxyribonucleic acid by the method of Schneider. 

The nucleic acid-protein complex of all the nucleoproteins used is dissociated in both 
strong salt solution and in desoxycholate solution. Loligo testis nucleoprotein in 2 M NaCl 
was dialyzed against 2 M NaCl for a week. At the end of that time the outer saline gave 
positive results with the ninhydrin and chloroform gel tests for protein, so the squid testis 
nucleoprotein contains a low molecular weight, dialyzable protein, presumably protamine. The 
nucleic acid-protein complex may be separated by the chloroform-octyl alcohol procedure of 
Sevag. In one experiment this procedure was repeated four times with 24-hour shaking periods 
each time. The resulting nucleic acid was practically free of protein; the last chloroform 
extract contained only minute amounts of protein. The separated nucleic acid fibers and protein 
powder have been washed thoroughly with alcohol and ether and dried in vacuo and will be 
used in further chemical studies on the nucleic acid and protein moeities by means of filter paper 
chromatography. 

















PAPERS PRESENTED AT THE MEETING OF THE SOCIETY 
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SEPTEMBER 8 AND SEPTEMBER 9 
First Session—H. F. BLum, CHAIRMAN 


Production of a wave of negativity by acetylcholine at a phase boundary (model of 
the nerve impulse). T.C. BARNEs. 


The negative phase boundary potential generated by acetylcholine at the interface between 
oil (representing the lipoid layer on nerve) and saline (representing tissue fluid) affords a 
possible explanation of the negative potential associated with activity in the nervous system 
(see Barnes and Beutner, Science, 104: 569; 1946). It was formerly believed that phase boun- 
dary potentials were direct current potentials giving a permanent shift in base line. Recent 
experiments indicate that a concentration of electrogenic substance too low to establish a 
permanent potential will set up a transient wave at the oil interface. Thus 0.05 mg. acetyl- 
choline in 0.07 cc. saline is placed at the interface between guaiacol and saline generates a 3 mv. 
wave of negativity lasting 0.2 second. The equilibrium concentration in the 200 cc. of saline is 
1 in 6 million. These waves can be repeated many times by adding more increments of acetyl- 
choline. If the acetylcholine is added in a set-up with no oil layer there is no detectable elec- 
trical effect. These signals have been recorded on a Garceau, Rahm and Grass electroencephalo- 
graph, Cambridge electrocardiograph and by a cathode ray oscilloscope and D.C. amplifier 
(through the kindness of Dr. H. K. Hartline). 

Controls of added saline have little or no effect, KCl gives a much smaller negativity than 
acetylcholine but tetraethylammonium iodide is more than twice as active as acetylcholine. 

The one microgram of acetylcholine per gram present in living nerve could produce a wave 
of negativity if released directly on the lipoid surface. 


The interrelation of the chloride excreting cell (gill) and the pseudobranch of 
Fundulus heteroclitus. D. EUGENE CoPpELAND. 


Evidence of a chloride excreting cell type in the gill filaments of Fundulus heteroclitus is 
presented. The cell is columnar and usually reaches from the basement membrane to the free 
surface of the gill. In seg water conditions there is typically present an oval vesicle at the 
distal end of the cell. It opens by a small pore to the exterior. Chloride tests (AgNO, + 
HNO,) give a very strong response in the vesicle and less so in the body of the cell. In fresh 
water conditions the vesicle is always absent. Chloride tests give a response in the cytoplasm 
of the tip of the cell, often giving a bar-like effect. In both conditions the cell is rich in fine 
mitochondria. 

Observations of the gland-like pseudobranch are presented. In sea water condition the cells 
are typically filled with heavy, rod-like mitochondria oriented parallel to the long axis of the 
cell and to the free (vascular) surface of the cell. The rods are grouped parallel to each other, 
giving the cell an appearance somewhat like striated muscle. Preliminary results show a pro- 
gressive granulation of the mitochondria in the fresh water adapting animal, reaching a peak at 
about twenty-four to forty-eight hours, then returning to a rod-like condition almost like that 
found in the sea water condition. In sea water adapting animals there is progressive rod-like 
organization, reaching the typical sea water picture in about twenty-four hours. Three lines 
of evidence suggest a functional relationship of the pseudobranchial and chloride cells. (1) 
Homology. Both cells are acidophilic. Leiner (1938) has demonstrated vesicles in the pseudo- 
branchial cells of Smaris alcedo. (2) Leiner (1938) has localized carbonic anhychase in 
pseudobranch. This might aid in the Cl shift in the chloride cell. (3) Differential behavior of 
mitochondria described above may show a participation in adaptation. 
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Some physiological factors involved in the maximum velocity at which trout swim. 
KENNETH C. FISHER. 


It is well known that trout tend to orientate against a current of water and that they will 
swim actively so as to maintain themselves in a constant position. If the current is gradually 
increased, a point is reached above which the fish cannot swim fast enough to maintain the con- 
stant position. The physiological factors which determine this limiting velocity are under 
investigation. 

Rogers showed, some years ago in this department, that the velocity varies with temperature 
and, in fact, that it is a maximum at about 10-15° C., far below lethal temperatures. We find 
now that the frequency of “spontaneous” movements made by fish in still water also varies with 
temperature and shows a maximum at 10-15° C. Furthermore, the limiting velocity for fish in 
a current may be varied in a simplified environment by changing the light intensity. It is, 
therefore, tentatively concluded, that the limiting velocity is determined, in the first instance, by 
the frequency of swimming movements; that the latter occur due to “spontaneous” or other 
stimuli and may then vary in frequency or in strength in accord with the strength and fre- 
quency of these stimuli; and finally, that the response to the stimuli received is modified in 
accord with the ambient temperature by the activity of the body surface temperature receptors. 


Protoplasmic injury substances and their effect on the organism. L. V. Het- 
BRUNN AND Louis Moreau (by invitation). 


Earlier work from this laboratory has shown that when tissues of various organisms are 
injured, substances are produced which have a thrombin-like action in causing the clotting of 
protoplasm in the absence of calcium. We believe that the production of thrombin-like or 
thromboplastic substances by injured tissues may help to explain some of the baffling problems. 
of clinical physiology. In earlier experiments we used the protoplasm of sea-urchin eggs to 
test for the presence of thrombin-like substances. In recent work we have used blood clotting 
times as an indicator. For this purpose the frog is a useful experimental animal. When frog 
tissues are injured, the frogs show typical shock reactions, but the problem of studying these 
shock phenomena is comparatively uncomplicated, for stoppage of respiratory movements or 
even stoppage of circulation has little immediate effect. We have developed methods for study- 
ing the clotting time of frog blood. When frogs are subjected to violent head injury, the blood, 
when examined immediately, shows shortened clotting time, indicating the release to the blood 
of thromboplastic substance. Some minutes later, there is a counter reaction and the clotting 
time of the blood is prolonged. Injury due to electric currents can also produce changes in 
the blood clotting time. Injury substances may be released from the brain or from the muscles. 
If the muscles of the legs are injured by electric currents, the effect on the frog as a whole 
may be inhibited by ligaturing the upper thighs. We have begun to work also on heat injury. 
In general, the results indicate strongly that various types of tissue injury release thrombic or 
thromboplastic substances to the blood stream, and that these substances can affect- tissues 
throughout the organism. 


Preparation and properties of cation-permeable erythrocytes. M. H. Jacoss AND 
Marian WILLIS. 


It has long been recognized that unrestricted permeability of an erythrocyte to both anions 
and cations would be osmotically incompatible with its continued existence. The view has more 
recently been expressed by several workers, particularly by Wilbrandt, that certain so-called 
“non-osmotic” hemolytic agents may act through the creation of a condition of cation permeabil- 
ity, resulting in an osmotic unbalance between the erythrocyte and its surroundings. The present 
paper is concerned with the mode of action of one such hemolytic agent, n-butyl alcohol, which 
shows in a particularly clear and uncomplicated manner some of the consequences of an induced 
cation permeability. 

Erythrocytes having different chosen degrees of porosity, as measured by a series of non- 
electrolytes of increasing molecular volume, may be prepared by exposure for different lengths 
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of time to a solution of 6 volumes per cent of butyl alcohol in isotonic NaCl, sucrose, or both, 
followed by dilution with and, if desired, by subsequent washing in a pure sucrose or sucrose- 
NaCl solution. The cells so prepared obey very satisfactorily predictions made from newly 
derived equations for the theoretical ionic and osmotic equilibria between cation-impermeable and 
cation-permeable cells and solutions containing NaCl alone, sucrose alone, and both substances 
together. 

Among the theoretical properties of cation-permeable cells shown by erythrocytes treated 
with butyl alcohol are the following: (1) unlimited swelling in all concentrations of NaCl, (2) 
strong and rapid shrinkage in pure isosmotic sucrose solutions, (3) assumption of definite 
intermediate volumes in most mixtures of NaCl and sucrose, with protection against hemolysis 
by extremely low concentrations of sucrose, (4) more rapid swelling rather than shrinkage on 
alkalinization of an external NaCl solution, and (5) shrinkage followed by swelling beyond 
the original volume on the addition of concentrated NaCl to an appropriate external mixture of 
NaCl and sucrose. 


Evidence of active transfer across the human erythrocyte membrane. PAu G. 
LeFEvRE. 


Following an earlier report concerning the effectiveness of various sulfhydral inhibitors in 
delaying hemolysis of human red cells in isotonic glycerol, the course of the volume changes 
upon addition of glycerol to suspensions of these cells in isotonic salt or sugar solutions was 
followed in the Parpart apparatus. The inhibitory action of cupric and mercuric ions, iodine, 
and p-chloromercuribenzoate upon the rate of entry of glycerol, and the reversibility of this 
inhibition by sulfhydryl groups, was thus verified. Similar inhibitory effects upon the exit of 
glycerol from cells previously equilibrated with glycerol solutions was observed. The glucoside 
phlorizin, usually considered inhibitory to phosphorylations, exhibited a similar effect; chemical 
methods, however, indicated that no inorganic phosphate was consumed in the accumulation of 
glycerol into these cells. 

The slow swelling of erythrocytes in solutions containing glucose was also delayed by 
phlorizin, and was particularly sensitive to mercuric ion and to p-chloromercurimenzoate, al- 
though cupric ion showed no inhibitory effect whatever. Comparison of the volume changes 
upon addition of various increments of glucose to suspensions of cells in isotonic saline showed 
that the rate of swelling was inversely proportional to the sugar concentration at the higher 
concentrations, but followed the usual exponential form with the lower concentrations; this set 
of relations indicated that there was a limiting rate at which glucose could enter these cells, 
regardless of the magnitude of the concentration gradient. Previous equilibration of the cells 
with glucose at 0.05-0.1 M greatly delayed the subsequent entrance of glucose when the external 
concentration was raised; this suggests that the postulated transfer mechanism functions only 
when the intracellular concentration is below a certain critical concentration in this range. 
These results have been partly duplicated with galactose or levulose in place of glucose, and 
have been verified by chemical analyses of the glucose content of the suspending medium. 


Phosphatase activity in the chloride cells in the gill of Fundulus heteroclitus. 
OLIvE PETTENGILL. 


A histochemical examination of the chloride cells of the gills of Fundulus heteroclitus 
which had been adapted to both fresh water and salt water was made, using the Gomori tech- 
nique. Material was fixed in cold 80 per cent alcohol or acetone, dehydrated and embedded in 
the usual manner. The substances used which gave a positive reaction were yeast adenylic acid, 
yeast nucleic acid, hexose diphosphate and the standard, beta-glycerophosphate. 

There is a strong activity in the fresh water gill, localized generally at the distal end, 
between the nucleus and the end of the cell, and the cell seems to be enlarged. In sea water, 
the vesicle, which is characteristic of this condition, is surrounded by a very dark ring of 
activity, the signet ring effect. The total amount of activity is less than that seen in fresh water. 

Copeland (1947) has presented evidence to support the theory that this cell does excrete 
chloride in the salt water fish. One might conclude that the dark ring of phosphatase activity 
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around the chloride-excreting vesicle may indicate an increase in metabolic activity necessary 
to transport the chloride from the cell into the vesicle. This would constitute a physiological 
mechanism to remove chloride from the body. 

Krogh (1939) suggests that euryhaline fish such as Fundulus may have a double mecha- 
nism in the gills that would pump chloride out of the body under sea water conditions and into 
the body under fresh water conditions. It is possible that the two mechanisms are represented 
in a single cell. The strong phosphatase activity in the fresh water form may indicate a reversal 
of the functional polarity of the cell with consequent pumping of chloride into the body. The 
increased amount of phosphatase activity may be indicative of the greater osmotic gradient 
encountered in the fresh water condition. 


SEcoND SESSION—A. K. PARPART, CHAIRMAN 


Permeability to radioactive sodium in frog eggs. Wittiam R. DuRYEE AND 
Puitirp H. ABELSON. 


It is the main purpose of this paper to show how much and how fast radioactive sodium 
(Na2*) exchanges with normal sodium (Na?) in a typical vertebrate egg. Secondary pur- 
poses are to show where the sodium goes inside the cell and to throw some light on the regula- 
tive mechanism. Permeability has heretofore been considered chiefly a membrane phenomenon. 
Our results indicate that permeability to sodium is really a more complex matter in that diffu- 
sion through cytoplasm and blocking of internal exchange are the main limiting factors. Due to 
high activity of the Na?* pilus sensitive counters results can be expressed accurately to +1 X 
10-8 grams Na. 

Ovarian eggs of Rana pipiens were cut apart and exposed to various Ringer solutions made 
up with Na24. Control solutions were made with identical amounts of normal sodium. The 
Na?4* was made by bombardment in the cyclotron. Our criteria of actual penetration were 
three-fold: (a) by radio-autographs of sections of eggs that had been frozen in liquid air, (b) 
by puncturing the cell to remove aliquots of the yolk-cytoplasmic mass for direct measurements 
with a Geiger counter, and (c) by isolation of the cell nucleus for direct measurement. 

A marked difference was found between the up-take curves for live and dead cells. With 
the former radio-sodium rises rapidly in concentration to a value of 2.5 X 10-7 gm. Na in 30 
minutes and tends to level off. At the end of 4 hours the average concentration is 3.7 X 10-7 
gm. Na per egg. In the case of dead cells Na*4 diffuses in more rapidly reaching a concentra- 
tion of 38 X 10-7 gm. in 30 minutes and then levels off. These “terminal values’ correspond 
roughly with the total sodium per egg found by direct chemical analysis of the ovaries. It is 
concluded that all the sodium in a dead egg is exchangeable, the membrane forms practically no 
barrier and Na once in the egg diffuses freely. In a live egg only 10 per cent of the total 
sodium is exchangeable. 

From washing experiments with live eggs it is clear that there are two kinds of sodium 
in the cell—one freely mobile and the other slowly exchangeable over a period of ten or more 
hours. Calcium-free or double calcium Ringer solution did not affect the initial rate or quantity 
of exchange of Na2‘, but after several hours a deficiency in calcium permits an exchange of 
sodium to a level of 6 X 10-7 gm. as compared with a level of 3 X 10-7 gm. Na per egg immersed 
in a Ringer with twice the amount of calcium. 

From radio-autographs it is evidence that distribution of sodium is relatively uniform 
throughout the cytoplasm in less than 30 minutes, but that it is strikingly concentrated inside 
the nucleus. This shows that the nuclear membrane is readily permeable to Na2* and that the 
amount of sodium available for exchange is approximately twice as great in the nucleus as in 
the cytoplasm. 


Accumulation and distribution of radioactive materials in goldfish. C. Lapp 
PROSSER. 


In experiments at the Metallurgical Laboratory, University of Chicago, the uptake of prod- 
ucts of uranium fission and of radioactive sodium by goldfish was measured. Accumulation of 
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radioactive strontium, barium, rare earths and sodium was rapid initially (during the first few 
hours of immersion) and continued at a rate greater than the loss of radioactivity in the medium 
by decay and adsorption. The ratio of the concentration of active material in the fish to that 
in the solution increased with time. This concentration ratio was usually between 10 and 100. 
The concentration ratio was independent of dose over the range investigated (0.0lyC to 
1.0uC/ml.). 

Calcareous tissues, such as skeleton and scales, accumulated about 75 per cent of the radio- 
strontium and radio-barium in the whole fish. Rare earths were accumulated in the visceral 
tissues, especially the intestine, and were more strongly adsorbed on feces and glass than the 
alkaline earths. The comparable distribution, particularly of bone-seekers, on immersion and 
injection, indicated that these elements were taken up through gill and oral membranes and 
were distributed by the blood. Radio-sodium was present in greater proportion in the gills 
at six hours than later. Some fission elements, particularly the rare earths, appeared to be 
precipitated along the intestinal folds. The yolk of eggs in ripe ovaries accumulated rare 
earths but not strontium or barium. 

Young growing or regenerating bone accumulated more radioactive material than did older 
bone; cartilage accumulated none of the bone-seekers. Uptake of Sr®® was greater when the 
surrounding pond water was low in calcium (1.8 p.p.m.) than when it was high in calcium 
(36 p.p.m.). Stable strontium also retarded the uptake of radio-strontium but to a less degree 
than calcium. 

When the fish were transferred from active to inactive pond water they failed to lose their 
radioactivity faster than by decay. The rate of loss of radio-strontium appeared to be un- 
affected by the calcium content of the- water. Goldfish were unable to remove appreciable 
quantities of fission elements from suspended clay. 


Tuirp Session—J. H. Bopine, CHAIRMAN 


A method for subcooling cells under microscopic observation at room temperature. 
RoBert CHAMBERS AND SILVIO BEAz (by invitation). 


The principle of the technique is to cool the objective of the microscope so that the objective 
serves as the refrigerator to sub-cool an oil-enclosed hanging drop, containing the specimen, 
suspended from a coverslip which roofs the micromanipulation chamber on the stage of the 
microscope. 

The cooling is accomplished by means of a closed, circular, metal trough placed around the 
objective, and communicating with a tank of compressed gas. The inner wall of the trough is 
perforated with holes to permit the expanding gas to blow on the objective. 

The chamber on the stage of the microscope is hermetically sealed off and the movements 
of a microneedle in the chamber are made possible by having it pass through a mercury-filled 
five to ten mm. hole in a brass plate which walls off the end of the chamber directed toward 
the micromanipulator. 

An essential feature is to prevent fogging of the optical system of the microscope. This is 
accomplished by having drierite (CaCl,) in a trough inserted into the lower end of a wide- 
barrelled drawtube of the microscope. The front lens of the objective is kept dry by the 
escaping gas rushing about it. The space within the closed chamber is also dried to minimize 
the formation of water condensation on the hanging oil drops. 

The temperature is regulated by varying the rush of the gas and by operating an electric 
microheater consisting of a platinum or nichrome strip of wire in the chamber joining the ends 
of two copper wires connected with a dry battery cell. 

The temperature is determined by the congealing of one or more of several drops of oil- 
mixtures suspended in the chamber. The temperature at which the congealing occurs has been 
previously determined by preparing paraffin wax (50° C. melting point) dissolved in Nujol oil 
at different percentages. 

The hanging drops enclosed in oil cool below their freezing points and freezing is accom- 
plished by “seeding” the drops or the enclosed cells by means of the tip of a microneedle. 

Preliminary experiments on cells indicate that the icicles which form make a pattern in 
accordance with the structure in a living cell. 
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The possible role of peroxidase in cellular respiration. Davin R. GODDARD AND 
ANNE M. SLATER. 


The respiration of horse radish root sections is inhibited by low concentrations of cyanide, 
azide, and hydroxylamine; and photoreversibly by carbon monoxide. The inhibition results are 
identical with those obtained with cytochrome oxidase plants, but extracts fail to show any 
catalytic activity with cytochrome c and hydroquinone, and cytochrome oxidase is presumably 
absent. The experiments appear to establish the respiratory role of peroxidase in this tissue, 
in which the peroxidase is functional with molecular oxygen, that is, it functions as an oxidase. 
The carrier is unknown, but is not dioxymaleic acid, as this compound brings about an extra 
oxygen consumption of one atom per molecule of added substrate. The dioxymaleic acid oxidase 
is probably an artifact. 


Resistance of cell membranes to internal pressures. PeETER RIESER (introduced by 
D.V. Heilbrunn). Reap sy TItTLe. 


In connection with other studies from this laboratory on the magnitude of the osmotic 
forces to which a cell membrane is exposed, an attempt has been made to determine in general 
how much pressure the membranes of cells can withstand without rupturing. Accordingly, cells 
were microinjected and the pressure created by the injection was determined. In order to 
accomplish this, a dial-type pressure gauge was connected to the injection circuit in close 
proximity to the micro-pipette. Eggs of the sea-urchin Arbacia punctulata, the starfish Asterias 
vulgaris and the annelid worm Chaetopterus pergamentaceus, as well as isolated muscle fibers 
of the frog Rana pipiens, were used in the experiments. The plunger of the microinjection 
syringe was pushed slowly either by hand or with the aid of a screw device, and the injection 
fluid—sea-water for the marine eggs and Ringer’s fluid for the muscle fibers—was forced out 
of the pipette. In order to provide for ready visibility, the injection fluids were colored with 
methylene blue. When the pressure became too great for the cell membrane to withstand, the 
membrane ruptured, Typically the break was immediately sealed by the surface precipitation 
reaction. There was rarely any large volume increase of the cell. When the cells ruptured, 
the pressure was read off on the gauge. The values on the gauge ranged from 40-175 mm. Hg. 
Actually, these pressures recorded on the gauge are higher than the pressures acting within the 
cell, for the flow of fluid through the pipette would tend to reduce the pressure existing at the 
tip of the pipette. Thus one may conclude that for various types of cells the pressure necessary 
to rupture the cell membrane is typically less than 40-175 mm. Hg. It is hoped later develop- 
ments will give more exact rather than maximum values. 


The effect of temperature change on the oxygen consumption of yeast. F. G. 
SHERMAN. 


The effect of changing the temperature on the rate of oxygen consumption of a bottom 
yeast (American Type Culture Collection No. 9080) was determined with a Warburg respirom- 
eter. The yeast was grown aerobically at 30.1° C. for 24 hours in a modification of the medium 
described by Nickerson and Carrol (1943). After harvesting, the yeast was washed three 
times with M/15 KH.PO, and resuspended in this buffer. Glucose was tipped in at zero time 
from the side arm of the vessels. Controls were run at 30.1° C. Experimental vessels were 
placed in the 30.1° bath for two hours and then removed to the cold bath for 24 hours after 
which they were returned to the warm bath. A thermobarometer was transferred with the 
vessels when they were removed from one bath to the other. Three series of experiments were 
run with the warm bath at 30.1° C. and the cold bath at 5.2° C., 10.6° C. and 14.8° C., re- 
spectively. The control and experimental vessels were run in quadruplicate in each experiment. 

In every case the yeast which had received cold treatment began to consume oxygen at the 
same rate as the controls when they were returned to the warm bath. In no case was an over- 
shoot or undershoot observed in this yeast under the conditions of these experiments. 
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Studies of the metabolism of normal and mutant imaginal discs of Drosophila. 
CLaupE A. VILLEE. 


A basic problem of physiological genetics is how do embryonic tissues which are going to 
develop into different organs differ in their enzyme constitutions. The imaginal discs of 
Drosophila, discrete groups of cells developing into particular adult structures, provide a means 
of attacking this problem. One approach in analyzing the effects of a gene in development is 
to determine its effect on metabolic activity as reflected by the rate of oxygen consumption. 
This has been done by means of the Cartesian diver ultramicrorespirometer. Previous work 
(Proc. Nat. Acad. Sci., 32: 241; 1946) showed that normal wing discs have a Qo, of 20; 
“miniature” wing discs, a Qo. of 18; and “vestigial” wing discs, a Qo. of 9. The leg discs of 
all three stocks have a Qo, of 20. On the hypothesis that each gene regulates a particular bio- 
synthesis, a search for the enzyme affected by the “vestigial” gene has been made by adding 
specific inhibitors or substrates to the buffer solution containing the disc in the diver. Normal 
and “vestigial” disc respiration is inhibited by cyanide and azide and thus is mediated by an 
iron or copper porphyrin system, probably the cytochromes. Respiration is also inhibited by 
the hydroxynaphthoquinones SN 5949 and SN 5090, believed to inactivate some enzyme between 
cytochromes b and c. The respiration of “vestigial” discs is increased to that of normal discs 
by ascorbic acid and to a lesser extent by p-phenylene diamine and hydroquinone. These ex- 
periments indicate that the respiratory enzymes of the developing imaginal discs of insects are 
similar to those of a wide variety of cells from bacteria to mammals, that the cytochrome oxidase 
system of “vestigial” is normal and that the “vestigial” gene affects some enzyme below cyto- 
chrome c in the respiratory chain. 

The oxygen consumption of the eye discs of wild type, Bar, and Double Bar larvae have 
been measured similarly; at two hours before pupation their uptakes are 5.7, 7.3, and 8.2 
mlyu. O./hr./disc, respectively. The Bar and Double Bar discs are slightly smaller than wild 
type, so the differences on a Qo, basis would be even more striking. Thus, in contrast to m 
and vg wings, where the structures with smaller adult sizes have a lower Qo, in the imaginal 
disc, the B and BB eye discs have a higher rate of oxygen consumption than the normal eye 
discs although the resulting eyes are smaller than normal. The addition of 0.02 M succinate to 
the substrate increases the oxygen consumption of all three types but the greatest increase 
occurs in wild type: 14.2, 10.2, and 8.8 myl. O./hr./disc for wild, B and BB, respectively. The 
eye disc respiration is also inhibited by cyanide, azide and the hydroxynaphthoquinones. 


Lipid metabolism in the protozoa. CHARLES G. WILBER AND GERALD R. SEAMAN. 


It is well known that protozoa contain fat in the cytoplasm and there is some evidence that 
fat can be synthesized by these organisms. Identification of fat has previously depended on 
staining reactions with Nile blue sulfate or with Sudan dyes. In order to study the synthesis 
of fat in ciliates, sterile cultures of Colpidium campylum were grown on fat-free proteose-peptone 
for various periods of time. Lipids were estimated by standard biochemical methods: fatty acid 
by oxidation, phospholipid and cholesterol colorimetrically. The population of the cultures 
reached a maximum of about 65,000 colpidia/cc., 48 hours after inoculation; it remained con- 
stant until the fourth day and then rapidly decreased. At all times the amount of fatty acid 
and of phospholipid remained constant in the organisms themsclves. Fatty acid in the cell-free 
culture fluid increased linearly until the 4th day, remained constant until the 6th day, and finally 
increased to a maximum of 313 mg./100 cc. on the 8th day. Phospholipid in the culture fluid 
increased linearly until the 3rd day; from the 3rd to the 4th day there was a tremendous increase 
in phospholipid from 1.6 mg. lipid P/100 cc. to 3.8 mg. lipid P/100 cc. The phospholipid then 
remained constant until about the 6th day after which it increased to 5.3 mg. lipid P/100 cc. on 
the 8th day. At no time was cholesterol found in the organisms or in the culture fluid. The 
results indicate that colpidia can synthesize lipids from purely protein sources. There is also 
evidence the sudden increase in phospholipid foreshadows the decrease in population. 

It is suggested, as a working hypothesis, that the so-called “growth substance” reported by 
various workers is lipid in nature. Whether cholesterol, which has been reported to be carcino- 
genic in action, influences the growth in Colpidium is not at present known. Experiments are 
in progress to ascertain the effect of cholesterol and of other lipids on metabolism and growth 
in Colpidium campylum. 
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